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ON THE AE'THORSHIP OF TFIE ANOXYMOE'S PAM- 
PHLET PUBLISHED IN LONDON IN 1760 ENTITLED 
“THE INTEREST OF GREAT BRITAIN CONSIDERED 
MTTH REGARD TO HER COLONIES AND THE AC- 
QUISITION OF CANADA AND GUADALOUPE.” 

By I. MINIS HAYS. 

(Read Aj'ril 24, ipjf.) 

The Seven Years’ War — the conflict maintained by Frederick the 
Great of Prussia against Austria. Russia and France — began in 1756; 
England allied herself u'ith Prussia and undertook to curb the power 
of France in America and especially in Canada, where her arms 
met with marked success. In July. 1758. Louisburg. with its strong 
fortress commanding the mouth of the St. Lawrence, was captured 
by General Amherst : in September of the following year Quebec 
fell to Gen. Wolfe and the War in this country was ended in Septem- 
ber, 1760, by the surrender at klontreal of the French Army in 
Canada. 

In England the terms of the coming peace had been actively dis- 
cussed for some time previous thereto. Two anonymous pamphlets 
on this subject, which appeared in the beginning of 1760. attracted 
marked attention. The first was entitled “ A Letter Addressed to 
Two Great Men on the Prospect of Peace; and on the Terms Neces- 
sary to be Insisted L’pon in the Negotiation ” (London. 1760), which 
is supposed to have been inspired bv William Pulteney, Earl of Bath, 
and to have been written by John Douglas, afterward Bishop of Salis- 
bury ; and the two great men to whom it was addressed were William 
Pitt, Earl of Chatham, and the Duke of Newcastle, both influential 
members of the Government. Among other points it strongly urged 
were the acquisition by Great Britain of Canada rather than territory 
in the West Indies. 

This pamphlet was promptly answered by another entitled “ Re- 
marks on the Letter Addressed to Two Great Men ” (London, 1760), 
1 1 
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which ran through three editions in Great Britain, and was reprinted 
in Boston in the same year. In it opposite views were urged and the 
retention of Guadaloupe, captured by the English in 1759, was 
strongly advocated, and it was claimed that its sugar trade was more 
important to Great Britain than was the fur trade of Canada. It was 
probably written by William Burke, the supposed author of the 
“ Letters of Junius,’’ but it has also been ascribed to Rt. Hon. Charles 
Townshend. 

These anonymous pamphlets were promptly followed by another, 
entitled “ The Interest of Great Britain Considered with Regard to 
Her Colonies and the Acquisition of Canada and Guadaloupe ” (Lon- 
don, 1760), which immediately attracted marked attention and was 
reprinted in the same year in Dublin, in Philadelphia and in Boston 
in two editions, and a second edition was issued in the following year 
in London, so great and widespread was the interest it excited. It 
summarized the arguments of both the preceding pamphlets and 
strongly supported the views advanced by Douglas. The authorship 
of this pamphlet has been attributed by some bibliographers to Frank- 
lin and by others to Richard Jackson. 

The American colonies were becoming alarmed by the proposals 
concerning the restoration to France of Canada and the Island of 
Guadaloupe and they felt that the outcome was of vital interest to 
them. There was no abler advocate for the retention of Canada than 
Dr. Franklin, who was then in London, whither he had been sent in 
^757 the Assembly of Pennsylvania to secure its right to tax the 
estates of the Proprietaries in common with the other lands in the 
Colony. In this, his first diplomatic mission, he had been eminently 
successful and thereby acquired considerable prestige. He remained 
abroad until 1762 and in all matters relating to the American Colonies 
his opinion was eagerly sought. 

That he was deeply interested in the terms of the coming Treaty 
and was endeavoring to influence British opinion in relation thereto 
is shown by his letter to John Hughes, of Pennsylvania, under date 
of London, January 7, 1760, in which he says : 

“ There has been for some time a Talk of Peace, and probably 
we should have had one this winter, if the King of Prussia’s late 
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Misfortunes had not given the Enemy fresh Spirits, and encourag’d 
them to try their Luck another Campaign and exert all their remaining 
strength that if possible they might treat with Hanover in their 
Hands. If this should be the Case, possibly most of our Advantages 
may be given up again at the Treaty, and some among our great iMen 
begin already to prepare the ^^linds of People for this, by discoursing, 
that to keep Canada would draw on us the Envy of other Powers, 
and occasion a Confederacy against us; that the Country is too large 
for us to people, not worth possessing, and the like. These Notions 
I am every day and every where combating, and I think not without 
some Success. The Event God only knows. The Argument that 
seems to have a principal Weight is, that in Case of another War, if 
we keep Possession of Canada, the Nation will save two or three 
Millions a Year, now spent in Defending the American Colonies, and 
be so much the stronger in Europe, by the Addition of the Troops 
now employ’d on that side of the Water. To this I add, that The 
Colonies would thrive and increase in a much greater Degree, and a 
vast additional Demand arise for British Manufacturers, to supply 
so great an Extent of Indian Country, etc., with many other Topics, 
which I urge occasionally, according to the Company I happen into, 
or the Person I address.” (Franklin AIss. in .American Philosophical 
Society, XLV., 19a). 

Richard Jackson, to whom the authorship of this last pamphlet 
has also been and is still not infrequently attributed, was an English 
lawyer interested in politics and from his extraordinary stores of 
knowledge was commonly known as “ Omniscient Jackson.” .At the 
time of its appearance he was .Agent in London for the Colony of 
Pennsylvania and Franklin rated him as one of the best authorities 
“ for everything related to America” (Smyth, loc. cit., V., 67). So 
learned an authority as Hildeburn says in his “ Issues of the Pennsyl- 
vania Press ” (Philadelphia, 1885, I., 350) that this pamphlet was 
“ commonly attributed to Franklin when first published, but is now 
known to have been written at his instance by Richard Jackson,” but 
he does not give his proof for this statement. Sabin (“ Dictionary 
of Books Relating to America,” New York, 1877, IX., 184) and 
Cushing (“ Anonyms,” Cambridge, 1890) follow him. On the other 
hand, Evans (“.American Bibliography,” Chicago, 1905, HI., 254), 
Halkett and Laing (“ Dictionary of .Anonymous and Pseudonymous 
Literature of Great Britain,” Edinburgh, 1885, II., 1241) and Rich 
(“ Bibliotheca Americana Nova,” London, 1835, L, 133) ascribe it to 
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Dr. Franklin. In the Catalogue of one of our largest historical li- 
braries the writer has found the author-entry for this pamphlet under 
Jackson and no reference whatsoever to it under Franklin. 

After diligent search and with every desire to do justice to Richard 
Jackson, the facts upon which Hildeburn based his conclusion have 
not been found — indeed, the available data regarding Jackson are 
verv meagre. “ The Encyclopedia Britannica ” does not mention him, 
and the “ Dictionary of National Biography " (London, 1892, XXIX., 
104) accords to him less than a half page and makes no reference to 
his having been in any way connected with the authorship of “ The 
Interest of Great Britain Considered.” 

Contemporary writers with considerable unanimity ascribed the 
authorship to Dr. Franklin. Chief Justice Edward Shippen in a let- 
ter, quoted by Hildeburn. dated October 2. 1760. says: “ I have seen 
B. Franklin's Pamphlet, and think it the best book that has been pub- 
lished in England concerning American Affairs. He appears to have 
thoroughly understood his subject and has done justice to the cause 
he espouses. Certainly we should be dupes to give up Canada ” (loc. 
cit., I., 350). In a letter to Lord Karnes, under date of London, 
May 3, 1760, Dr. Franklin says: “I have endeavoured to comply 
with your request in writing something on the present situation of 
our affairs in America, in order to give more correct notions of the 
British interest with regard to the colonies, than those I found many 
sensible men possessed of. Inclosed you have the production, such as 
it is. I wish it may in any degree be of service to the public. I shall 
at least hope this from it, for my own part, that vou will consider it 
as a letter from me to you. and take its length as some excuse for its 
being so long a-coming " (” Memoirs of Hon. Henry Home of 
Karnes,” Edinburgh, 1807, L, 268, consult also Franklin’s letter to 
Lord Kames, of Jan. 3. 1760, Smyth, /or. cit., IV., 4). The en- 
closure was clearly a printed copy of the pamphlet in question. 

Dr. Franklin evidently sent copies of this pamphlet to some of 
his friends. AVilliam Thomson, in a letter to him from Worcester, 
England, under date of November 18, 1760, says : “ I take this Op- 
portunity to return you my sincere thanks not only for the pleasure 
of your Company afforded me during your short stay in Worcester, 
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but also for the Entertainment I am confident I owe to you after 
your Departure — The Interest of Great Britain ivith Respect to Her 
Colonics gave me a more distinct view than I ever had before of our 
Connexions w‘ our fellow Subjects in distant parts of the Globe.” 
(Franklin Papers in Amer. Philos. Soc., I., 6o). The conclusion to 
be drawn from this note is that, in evidence of appreciation of his 
hospitality, Dr. Franklin sent to Mr. Thomson a copy of his pamphlet, 
and had it not been written by him he, at the time, certainly would 
have disclaimed its authorship which under the circumstances Thom- 
son would be sure to attribute to him. 

Benjamin Vaughan, who was an intimate friend of Franklin and 
in frequent correspondence with him, in his edition of Franklin’s 
“ Political, [Miscellaneous and Philosophical Pieces ” (London. 1779) 
included this pamphlet, and in an Addenda ” stated that “ Dr. 
Franklin has often been heard to say that in writing this pamphlet 
he received considerable assistance from a learned friend who was 
not willing to be named.” Franklin, under date of Passy. Xovem- 
ber 9, 1779 (Smyth, loc. cit., VII.. 410), thanked Vaughan “ for the 
great Care and Pains ” he had taken in preparing this edition of his 
writings and says that he has “ noted some Faults of Impression that 
hurt the Sense, and some other little Matters which you will find all in 
a Sheet under the title of Errata/’ but he in no way disclaimed the 
authorship of this pamphlet which had been set down to him. In 
the Italian translation uf Vaughan’s Collection, which appeared four 
years later, this essav was still included (Padua. 17S3'). 

Paul Ford in his “ Franklin Bibliography ’’ (Brooklyn, 1889, page 
1 17) states that Francis Maseres wrote to Vaughan claiming that 
nearly two thirds of the pamphlet was written by Jackson, but failed 
to satisfy him as to the accuracy of the statement. 

Appended to the pamphlet on “ The Interest of Great Britain ’’ 
is an essay entitled “ Observations Concerning the Inci'ease of [Man- 
kind, Peopling of Countries, etc.,” which reinforces the argument in 
reply to the contention that “ if we had Canada we could not people 
it without draining Britain of its inhabitants." 

In 1754, Dr. William Clarke, of Boston, was corresponding with 
Dr. Franklin in regard to measures for the protection of the English 
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Colonies against the encroachments of the French (Massachusetts 
Historical Society, Collections, IV., 74'). and in the following year 
Clarke published an anonymous pamphlet entitled “ Observations on 
the late and present Conduct of the French, with Regard to their 
Encroachments upon the British Colonies in North America. To 
which is added, wrote by Another Hand, Observations Concerning 
the Increase of iMankind, Peopling of Countries. &c.'’ (Boston, 1755, 
and reprinted in London in the same year). The added essay is 
universally attributed to Dr. Franklin and is said to have been written 
by him as early as 1751. It seems most natural then for him. if he 
were the author of this new pamphlet entitled the “ Interest of Great 
Britain considered with Regard to her Colonies." to have appended 
his former pamphlet in support of one of his main arguments and 
with the following e.xplanatory introduction : " In Confirmation of the 
Writer’s Opinion concerning Population, Manufactures, &c. he has 
thought it not amiss to add an Extract from a Piece written some 
Years since in America, where the Facts must be well known, on 
which the Reasonings are founded." 

In the Boston reprint of “ The Interest of Great Britain Con- 
sidered '■ the following was added to the title page : “ As the verv 

ingenious, useful, and worthy .Author of this Pamphlet [B n 

P LL.D.] is well known and much esteemed bv the principal 

Gentlemen in England and America; and seeing that his other Works 
have been received with universal .Applause ; the present Production 
needs no further Recommendation to a generous, a free, an intelli- 
gent and publick-spirited People.” This edition was printed and pub- 
lished by Franklin s nephew, Benjamin Mecom, who had been an 
apprentice in his L ncle s printing office in Philadelphia, and it cannot 
be doubted that he sent a copy of his reprint with its fulsome and 
conspicuous ascription of authorship to his Uncle whom he so much 
admired, and that the authorship was not repudiated by Franklin is 
evidenced by its reappearance on the title page of Alecom’s second 
Boston edition. 

\\ illiam lemple Franklin, Sparks, Bigelow and Smyth, the editors 
of the various standard editions of Franklin’s complete works, have 
included this pamphlet and thereby given to it their endorsement of 
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his authorship, as had Almon in his Biographical, Literary and Politi- 
cal Anecdotes (London, 1797, 11 . , 199). Then, too, in several copies 
of the pamphlet which have come under the writer's notice their 
original owners have taken the pains to write on the title page that 
the author was Dr. Franklin. 

Temple Franklin's version is that his grandfather “ stepped into 
the controversy ” and wrote a pamphlet, in which he was assisted by 
his friend iMr. Richard Jackson (who desired not to be known in the 
occasion)’’ (“ iMemoirs of the Life and Writings of Benjamin Frank- 
lin," 2d ed.. London, 1818, L, 307). Parton also ascribes it to Frank- 
lin and says: “Tradition reports that it influenced the Alinistry in 
deciding to keep Canada. Some have gone so far as to say that 
England owes that inestimable possession to Franklin, who first advo- 
cated its conquest, and then urged its retention " (“ Life and Times 
of Benjamin Franklin.” Boston, 1867, L, 422). 

But on the point of the authorship there is still more direct and 
conclusive proof. Franklin before writing his “ Autobiography ’’ 
made an outline draft which was preserved and is printed in Bigelow’s 
edition of that work (Philadelphia, 1868) and in this outline appears 
the following entry : “ I am sent to England. Negotiations there. 
Canada dclcnda cst. iSIy Pamphlet. Its reception and effect. Proj- 
ects drawn from me concerning the Conquest” (p. 63). Unfor- 
tunately the “ Autobiography ” was never written up to this date 
and therefore does not mention this controversy in which Franklin 
took such an active part, but the words “ my pamphlet,” in his skeleton 
outline, can refer to no other than the one under consideration. 
jMoreover, Franklin was not a man to accept silently an oft-repeated 
attribution of authorship to which he was not entitled, and his silence 
can only be regarded as admission of its correctness. 

With all these facts available it is difticult to understand why 
Smyth — the latest editor of Franklin’s collected works, should have 
“ found the problem of its authorship so difficult, and the question 
of the relative shares of Franklin and Jackson so intricate, that I am 
quite unable to unloose its Gordian knot ” {loc. cit., I., xii). 

For the further elucidation of this problem, however, there are 
fortunately preserved in the Franklin Papers in the American Philo- 
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sophical Society (L., pt. ii, 13) six manuscript pages of this pamphlet, 
viz., folios 7, 43, 45, 53, 58 and 67, wholly written in Franklin’s well- 
known large, clear hand with his alterations and erasures to which 
the printed text conforms. The pages measure I2.'4 by 8 inches and 
some of them are considerablv stained and mildewed and not without 
holes. Their condition and the fewness of their number may be 
explained by the fact that just before the occupation of Philadelphia 
by the British troops in 1777, Dr. Franklin’s papers were boxed and 
sent for safe-keeping to the country place of his friend Joseph Gallo- 
way at Trevose, near Bristol, in Pennsylvania. During the military 
operations about Philadelphia the British troops visited Mr. Gallo- 
way’s house, broke open the boxes containing these papers and many 
of them were scattered over the ground and trodden under foot, and 
it may be that some of them were carried off. certainly many of them 
were lost or destroyed. After the evacuation of this territory by the 
British forces Dr, Franklin’s son-in-law, Richard Bache. repaired to 
Trevose, collected the scattered, mud-bespattered and otherwise in- 
jured remains of the contents of these boxes and returned them to 
Philadelphia. This episode accounts for the imperfect and dilapi- 
dated condition of some of the Franklin papers of which these sheets 
form a part. 

A count of the number of written words, say, on folio 53 of 
Franklin’s manuscript and the number of words in a page of the 
printed pamphlet shows that fifty-three times the number of words in 
the manuscript page would make a little over 33 pages of the printed 
text, and it is on page 33 of the printed pamphlet that the text of ms. 
folio 53 appears. Therefore the preceding manuscript pages must 
have contained about the same number of words to a line and of lines 
to a page, indicating that they were almost certainly written by the 
same hand. 

It might be contended that Jackson had written part of the pam- 
phlet and given his manuscript to Dr. Franklin, who had then added 
it to or copied it into his own. But this is most unlikely, if not incon- 
ceivable, in the case of a man so busy, so indisposed to unnecessary 
labor and so saving of his time. Then, too, Jackson’s handwriting 
was as characteristic in its way as Franklin’s, but not so free and 
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open, and would average more words to the page and not fit in with 
the calculation just made. 

From whatever point of view we look at it, there can be no 
reasonable doubt that the “ Interest of Great Britain considered with 
Regard to her Colonies ” was written wholly by Dr. Franklin, al- 
though before committing his views to writing it was quite natural 
for him, as Temple Franklin states he did, to have discussed them 
with Jackson, his friend and fellow agent of Pennsylvania, and to 
have consulted him as to the plan and scope of the pamphlet he was 
about to write to influence British opinion in its own interest and that 
of the American Colonies. That Jackson wrote any part of this pam- 
phlet there is no evidence that we have been able to discover and the 
original manuscript pages of it which have been preserved in the 
Franklin ^lanuscripts in the American Philosophical Society appear 
to refute the claim. 

Peace was concluded by the signing of the Treaty of Paris on 
February lo, 1763, by which Canada and that portion of Louisiana 
between the Allegheny ilountains and the ilississippi River were 
ceded to Great Britain, and Guadaloupe was returned to France — 
thus constituting Franklin’s second diplomatic success in his first 
mission to England. 

Phil.\delphi.\, 

April 17, 1924. 



THE CURVE OF POPULATION GROWTH.^ 


By RAYMOND PEARL. 


In a series of papers from the writer's laboratory - it has been 
shown that one or another of the special forms of the general curve 
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(i) 


describes with extraordinary accuracy the growth of human popula- 
tions and of populations of lower organisms grown under experi- 
mentally controlled laboratory conditions. 

The curve was derived from the following postulates : 

1. If any discussion of the growth of human population is to 
be profitable in any real or practical sense, the area upon which the 
population grows must be taken as a finite one with definite limits, 
however large. For the growth of human populations the upper 
limit of finite areas possible of consideration, must plainly be the 
habitable area of the earth. Smaller areas, as politically defined 
countries, may be treated each by itself. But whether this it done 
or not. there clearly is an upper finite limit of area on which human 
population can grow. 

2. If there is a finite upper limit to the area upon which popula- 
tion may grow, then with equal clearness there must be a finite 
upper limit to population itself, or in other words to the number of 
persons who can live upon that area. It is obvious for example 
that it is a biological impossibility for so many as 50,000 human 
beings to live, and derive support for living, upon one acre of ground, 
provided every other acre of the possibly habitable area of the earth 
is at the same time inhabitated to the same degree of density. This 

1 Papers from the Department of Biometry and Vital Statistics, School 
of Plygiene and Public Health, Johns Hopkins University. No. loi. 

- Pearl, R , and Reed, L.J., Proc. Xat. Acad. Sci., Vol. 6, pp. 273-288, 
1920; Vol. 8, pp. 365-368, 1922. Id , “Predicted Growth of Population in New 
York and its Environs.” New York (“ Plan of New York and its Environs ”), 
1923, p. 42. Id , ilctron, Vol 3. pp. 6-19, 1923. Pearl, R., “ Studies in Human 
Biology, Baltimore” (Williams & Wilkins Co.), 1924. (In press.) 
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is obviously true whatever the future may hold in store for us in 
the way of agricultural discoveries, improvements, or advancements. 
That there is a finite upper limit to the population which can live 
upon a finite area ( as of the earth) is really as much a physical as 
a biological matter. The amount of water which can be contained 
in a pint measure is strictly limited to a pint. It cannot b}- any chance 
be ten gallons. 

3. The loieer absolute limit to population is zero. Xegative 
populations are in any common, practical sense, unthinkable. 

4. History tells us what common-sense indicates a priori, namely 
that each advancement in cultural level has brought zvith it the 
possibility of additional population growth zvithin any defined area. 
In the hunting stage of human culture the number of persons who 
can be supported upon a given area is small. In the pastoral stage 
of culture more persons can subsist upon a given area, though the 
absolute number is still small. In the general agricultural stage 
of civilization the possibilities of population per unit of area become 
again enhanced. The commercial and industrial stages of culture 
permit great increases of population, provided, of course, (and only 
under this condition) that there still remain somewhere else less 
densely populated areas where the means of subsistence can be pro- 
duced in excess of local needs. In other words, each geographical 
unit which has been inhabited for any long time has, so far as the evi- 
dence available indicates, had a succession of waves or eras of popu- 
lation growth, each superimposed upon the last, and each marking 
the duration of a more or less definite cultural epoch. 

5. Within each cultural epoch or cycle of population growth the 
rate of grozeth of population has not been constant in tune. In- 
stead the following course of events has apparently occurred gener- 
ally, and indeed almost universally. At first the population grows 
slowly, but the rate constantly increases to a certain point where 
it, the rate of growth, reaches a maximum. This point may pre- 
sumably be taken to present the optimum relation between numbers 
of people and the subsistence resources of the defined area. This 
point of maximum rate of growth is the point of inflection of the 
population growth curve. After that point is passed the rate of 
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growth becomes progressively slower, till finally the curve stretches 
along nearly horizontal, in close approach to the upper asymptote 
which belongs to the particular cultural epoch and area involved. 

The curve may rake a variety of forms, according to the number 
and forms of the terms which are retained in the exponent of c in 
the denominator of (i). Thus in the simplest form 


the curve describes the growth in a single epoch or cvcle. 

By retaining further terms the curve may be made to describe 
growth in more than one cycle, or cases where the population 
after rising through one or more cycles then declines. In one form 
the curve is asymmetrical on the two sides of the point of inflection, 
and is thus capable of describing skew growth. All of these char- 
acteristics of the curve have been fully discussed in the sources 
already referred to, and need not be elaborated here. 

In order to give some idea of the fidelity with which this curve 
describes population growth a few examples may be presented. In 
these diagrams observed census counts of population are shown as 
small circles. The smooth line through these points is the fitted 
curve. This is drawn as a heavy, solid line through that portion of 
the total abscissal range within which there are observed points. 
Outside this range the curve is dotted, there being the extrapolated 
portions. i\Iany other examples of the fitting of this curve, in ad- 
dition to those presented here, are given in Chapter XX\’'. of 
“ Studies in Human Biology ” already referred to. 

As a first example we may take the population growth of the 
United States. This is shown graphically in Fig. i. The equation 
of the fitted curve is 


^ 97-^7 . 

I -1- ’ 


(iii) 


It will be noted that in this case the observations all fall in the 
first half of the cycle. The agreement between observation and 
theory is obviously well-nigh perfect. 
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Fig. I. The population growth of the United States. 

The probable errors of the constants of the curve for the United 
States are as follows : 

k = 197.27 ± .55 millions of population, 

ai = .03134 ± .00013, 

ni = 67.32 ± .17. 

As a second e.xaiuple we may take the population growth of 
France. This is of special interest, because the observed points 
all lie in the second half of the cycle, and indeed well towards the 
upper asymptote. The case is thus in the strongest contrast to that 
of the United States. 

The equation to the fitted curve for France is 


y — 6.604 “ 


35.975 

I + .SoSie'- 


Again it is clear that the agreement between observation and 
theory is extremely close. 

The probable errors of the constants of the curve for France 
are as follows : 


k = 35.975 ± .084 millions of population, 

Gi = .01975 ± .00015, 

m = .8081 ± .0038. 




PoPULATtO// iP MtLUOA/S 
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Fig. 2. The population growth of France. 
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Fig. 3. The population growth of Sweden. 

As a third example we may take the case of Sweden. This is 
of interest because it has the longest continuous set of census counts 
of population of any country. The curve of growth is shown in 
Fig- 3- 
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The equation of the fitted curve for Sweden is 


V 


1-535 


6.336 . 


(v) 


Here, with the long range of observations covering roughly two 
thirds of the entire cycle, the agreement between theory and ob- 
servation is again extremely close. 

The probable errors of the constants for the Swedish curve are 
as follows : 


k = 6.336 ± .054 millions of population, 

fli = .023006 ± .000019, 
ni = 7.265 ± .016. 

So far all the examples have dealt with cases where all the re- 
corded points fell within a single cycle of growth. Let us consider 
a case in which the known population history overlaps two cultural 
epochs. The best case of this sort available is Germany. Prior 
to about 1850 Germany had been chiefly in the agricultural stage of 
culture. The industrial stage had only begun in a small way. After 
1870 there was a rapid and extensive development of industry, which 
reached such a stage by the time of the outbreak of the war in 
1914 as to make Germany one of the most highly industrialized 
populations in the world. Can the curve of population growth here 
under discussion deal adequately with such a case ? 

There are two wavs open to approach the problem. W e may 
fit a single cycle curve like ^ii) to the known population data before 
1855, ^nd another similar curve to the known data since 1855 and 
weld the two together at the point where they have a common tang- 
ent. The result of following this procedure is shown in Fig. 4. 
the equations to the two curves being : 


For the period up to 1855, 

y = 10.109 + 

From 1855 on, 

T = 33-587 + 


34-036 


I -|- 2.495^ 

82.944 

I + 297.546e-'»«2x 


(Vi) 


(vii) 
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Fig. 4. The population growth of Germany fitted with two single cycle curves. 



XT/f/? 

Fig. S. The population growth of Germany, fitted with the general curve 

(equation (i)). 


It is obvious that this procedure describes the known facts re- 
garding Germany’s population growth in an entirely satisfactory 


manner. 
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Can we do as well or better with the general curve (i) ? The 
answer to this question is given by Fig. 5. 

The equation of the fitted curve is 

_ 1 19.552 ^ ...^ 

- j gl.9416— OSSljrJ'.OOOSsA— .OOOOOO 2 IX'* 

Plainly the fit of theory to observations is as close as could be 
desired. 

Taking all the available evidence into account, of which only a 
fraction has been presented above. I believe that it is justifiable to 
regard equation (i) as constituting a descriptive lau of population 
grozi’th. By its instrumentality we can describe how populations 
grow, and predict their future growth over reasonable periods of 
time with a degree of accuracy not attainable by any other method 
hitherto discovered. 


2 





THE XATIOX'S TRAXSPORTATIOX PROBLEAI. 

By EMORY R. JOHNSON', 

(Professor of Tronsportotion and Comincrce end Doan of the Wharton 
School, Uniz'ersity of Penns}.lvania. 

It is a somewhat paradoxical tact that as the transportation facili- 
ties of any country are developed and made more efficient economic 
prosperity and social well being become increasingly dependent upon 
adequate, prompt and economical carriage of persons and propert}' 
and transmission of ideas. Transitortalion is one of the principal 
determinants of social organization and social progress. 

In a country such as the Lnited States, the demand for transpor- 
tation services grows with surprising rapidity, and the capital re- 
quired to keep transportation facilities abreast of demand has al- 
ready reached large figures and must necessarilv continue to in- 
crease at a corresponding rate. Every nation has its transporta- 
tion problem and always will have. The United States, having a 
more extensive transportation system than any other countrv pos- 
sesses. may be said to have the greatest transportation problem of 
any nation. 

The truth of this is evidenced by the facts as to the present and 
prospective traffic upon steam and electric raihvavs and upon high- 
ways and the capital required for the development of railroad and 
other transportation facilities. The purpose of this jiaper is to 
state those facts briefly and to consider with equal brevity some of the 
principles that should control the government's relation to trans- 
portation. 

Pre-sext Volu.me of Traffic. 

Figures of traffic that run into billions are too large to give the 
human mind a definite impression, but they at least indicate in a 
general way the magnitude of the service rendered by railroads and 
other transportation agencies in the United States. In 1923, the 
railroads in this country had a revenue-paying traffic amounting to 
413.562,000,000 tons one mile. If the non-revenue or company 
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freight he added the total becomes 457.589.000.000 ton miles. This 
is the largest freight traffic ever handled by the railroads in any 
year. 

The passenger services of the railroads in 1923 amounted to 

38.000. 000.000 ])assengers one mile. This, however, was not so 
large a traffic as the railroads handled during the unusual period of 
the participation of the United States in the W orld W ar. 

The electric railways of the United States in 1923 carried more 
than 10.000.000.000 passengers. Records are nut kept of the dis- 
tances that passengers travelled on electric railways and. for that 
reason, it is nut possible to give figures for passenger miles. 

It is not definitely known how many passengers were carried by 
motor busses in this country, but it is estimated that approximately 

1.000. 000.000 passengers ride in motor busses annually. I he traffic 
is large and is increasingly rapidly. The Fifth Avenue Coach 
Companv of Xew York City carried 5G.000.000 revenue passengers 
in 1923. It is said that 3.500.000 people daily ride upon the busses 
operated on the streets of London. The motor busses in London are 
now transporting a billion and a quarter passengers annually. It 
has been roughly estimated that in i9-^3 passenger automobiles 
carried nearly ten billion passengers, and that the average ride was 
about eleven miles in length. This would make the motor passenger 
miles over one hundred billion or two and one-half times the rail- 
road passenger miles. 

(Jnly verv partial information is known of the volume of freight 
handled bv motor trucks which are now being largely used both by 
organized carriers and by large shippers using their own trucks. 
An estimate based upon data presented by the Automobile Chamber 
of Commerce indicates that motor trucks in 19-^3 carried 2,220,- 
000.000 tons of freight, the average haul being less than five miles. 
The total ton-miles was approximately ten and one-half billion. 

Future Ixcrease in Traieic. 

careful estimate has been made of the volume of traffic that 
will be moving upon American railroads ten years hence or in 1933 - 
The estimate was made for the Bureau of Railway Economics by 
the railroad companies of the United States. The companies re- 
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porting information operated two thirds of the railway mileage in 
the country and handled over two thirds of the traffic. On the 
basis of these reports, it is evident that there will be an increase of 
at least one third in the freight traffic of American railroads during 
the decade ending in 1933. This is a much smaller rate of in- 
crease than has prevailed in the past. But even that growth will 
bring the revenge freight traffic of American railroads in 1933 up 
to 550.000.000,000 ton miles. The passenger traffic will probably 
increase somewhat slower than the freight business, but the increase 
during the decade ending in 1933 can hardly be less than 25 per 
cent. Even that conservative estimate brings the passenger traffic 
of American railroads in 1933 up to 47.500.000.000 passenger miles, 
which is not much more than the total reached during the war period. 

It takes imagination as well as information to picture the economic 
development of a country such as the United States. The increase 
of large scale production accelerates industrial activity. Capital 
accumulates with augmented .speed, the country goes ahead faster 
than most people realize. An indication of the economic growth of 
the country is given by a statement made by the Pennsylvania Rail- 
road that upon the lines of that company’s system 513 new industries 
were located in 19-3 developing freight traffic estimated at more 
than 6,500,000 tons annually. These newly established enterprises 
on the Pennsylvania System will expect to load 186,000 cars annually. 

In spite of the enormous travel by private automobiles and the 
rapid increase in the use of motor busses, the electric railways in the 
United States have a constantly expanding traffic. The increase 
in their traffic in the decade ending in 1922 was 60 per cent. 

Although it seems somewhat paradoxical, it is none the less a 
fact that the increase of the use of motor bus.ses tends to supplement 
rather than to supplant the service of electric railways. The busses 
bring traftic to the railroads and electric railways and thus com- 
plement, as well as compete with, the carriers bv rail. Undoubt- 
edly the most rapid increase in traffic is that of the motor busses, 
but figures are not available to show the actual rate of increase in this 
traffic. 

CvpiTAL Required Axnu.vlly. 

This ever enlarging work of transportation cannot be performed 
without large expenditures of capital. The railroad companies in 
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estimating the growth of traffic for the decade ending in 1933 also 
estimated the minimum amount of capital that would be required 
to handle the prospective traffic. The estimate was $7,870,000,000 
for a decade, or a capital investment in railroad facilities averaging 
$787. 000.000 a year. This estimate is considered by many men to 
be much too small. Inasmuch as the investment in railroads at the 
present time probably exceeds $2 1 .000.000.000, the above estimate 
of the annual requirements for the ensuing ten years is less than 
3-2 per cent, of the present invested capital. Certainly at least th-at 
percentage of new capital will be required. 

How many hundred millions of dollars will be needed each year 
to provide electric railway facilities and to meet the demand for 
freight and passenger transportation by motor trucks and busses 
can only be conjectured. Apparently the development of transporta- 
tion facilities in the United States during the next ten years will 
require not less than two billion dollars of capital annually. That 
amount will be in addition to whatever may be needed for the con- 
struction and maintenance of highways, for which 8500,000.000 a 
year would be quite inadequate. These figures indicate that the 
people of the United States must expect to spend between two and 
one half and three billion dollars annually to provide transportation 
facilities. 

Re.\soxs for Private Ownership and Operation of Railroads 
IN THE United St.vtes. 

The size of the transportation industries and the vital relation 
which transportation bears to economic prosperity and social well- 
being combine to give importance to the public policy adopted to- 
wards transportation. The first big question that the public must 
decide is whether transportation facilities should be provided by 
the government or by private enterprise. Fortunately this question 
seems for the present to have been decided in favor of private owner- 
ship and operation, but there is more or less widespread and con- 
tinuous advocacy of government ownership and operation of rail- 
roads and other transportation agencies, in spite of the fact that sound 
economic and political philosophy as well as practical experience 
indicate that private ownership and operation of railroads and other 
transportation agencies is the wiser policy for the United States. 
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The reasons why private ownership and operation of the rail- 
roads are preferable to government enterprise are not always clearly 
understood. Briefly stated the main reasons are 

( I ) That private ownership and opertition of railroads is in 
harmony with the genius of the people of this country. The country 
has gone ahead with amazing rapidity liecause the principle of private 
initative in economic life has been adhered to. 

( 2 ) The management of a railroad is an executive task for 
which a democratic government is ill adapted. 

( 3 ) The successful management of a railroad or other large 
business enterprise recpiires unity of thought and continuity of 
purpose on the part of the directors and executive officers. Govern- 
ment management is subject to legislature control which in a dem- 
ocratic country renders impossible that continuity of purpose es- 
sential to success in railroad management. 

(4; Private enterprise invests funds in response to business 
needs. Private railroads are developed where there is the largest 
traffic demand. Government appropriations for railroads would be 
subject to political as well as economic influences. 

( 5 j The officers and directors of a railroad company are under 
constant pressure to keep expenses down. They will employ no 
more than are needed. In government enterprises this is not the 
prevailing practice. 

( 6 ) ilen of greatest efficiency and highest technical training are 
less attracted to government po.'itions than to private business ac- 
tivities. If the railroads were owned and operated bv the govern- 
ment. they would in a few years be operated by men of less efficiency 
than the men engaged m private enterprises. 

( 7 } The expense of operating railroads under government man- 
agement would be greater than under private management. Rates 
and fares would have to be higher or the tax payers would have to 
meet annually recurring deficits. With very few exceptions, govern- 
ment operation of railroads has resulted in deficits borne by the 
tax payers. 

(8) The acquisition of the railroads by the United States govern- 
ment would double the present debt, large as that has been made 
by the recent world war. If the debt were doubled, the interest 
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rate would be increased. The financial burden borne by the tax- 
payers would be much heavier. 

Govern’mext Policy — Essexti.vl Principles of Regulation. 

Government regulation rather than government ownership and 
operation of the railroads and other transportation facilities is ad- 
visable in the L'nited States. Government regulation is necessarv 
in the public interest. It is also necessary that regulation should 
be in accordance with sound principles. 

The public generally now has a much clearer understanding of 
the problem of government regulation of railroads than it had prior 
to the World War. Up to that time, the main purpose of govern- 
ment regulation of the railroads was to punish abuses in the rail- 
road service and to prevent their recurrence. The Transportation 
Act of 1920, however, is framed in accordance with the principle 
that the government's relation to the railroads must be constructive 
and helpful as well as corrective. Most of the railroad abuses of 
the past have been eliminated. The primary aim of the government 
now is to assure adeciuate facilities. 

The government cannot avoid regulating railroad rates and in 
the long run the federal and local government will inevitably regulate 
the rates of common carriers other than the railroads. This means 
that the revenues of railroads and other carriers will be determined 
by public policy. It needs no argument to prove that government 
regulation must not go so far as to prevent the carriers from making 
a fair profit upon their investment. New capital, and the amount 
required is large, must be secured from investors; and investors will 
place their capital onlv where there is hope of at least a reasonable 
return. 

This fact is recognized by the Transportation .Act of 1920 which 
directs the Interstate Commerce Commission to adjust and establish 
such railroad rates as will yield the carriers a fair return upon the 
property devoted to the service of the public. This is the heart of 
Section 15A of the Transportation Act, concerning which there has 
been much public misunderstanding. In the public interest, it is 
necessary that the principle of regulation underlying Section 15A 
should be maintained and developed. 

Another general principle of regulation that has been partially 
recognized by legislation is that carriers serving the public should 
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work with each other instead of against each other. Up to the time 
of the World War. legislation sought to minimize the coordination 
of the railroads. Xow their coordination is favored. The law 
contemplates the voluntary consolidation of the 200 large railroad 
systems and the 1.400 minor ones into a limited number of systems 
(possibly twenty). This is to be done without abandoning com- 
petition in services. The maintenance of competition in service is 
desirable and possible, and will not be prevented by the consolida- 
tion of railroads in accordance with the plan contained in the Trans- 
portation Act of 1920. 

The desirable coordination of carriers includes not only the 
consolidation of our present railroads into a limited number of per- 
manent systems of relatively equal strength, but also the correlation 
of railroads, waterways, and highways in such a way as to form a 
unified transportation system. The coordination of rail, water, and 
motor carriers involves the physical connection of railways and 
waterways and the interchange of traffic of the railroads and water- 
ways with each other and with common carriers bv motors. In 
the future, the aeroplane and the airways will have to be brought 
into the picture. What the country needs is a coordinated or uni- 
fied transportation system, including all transportation agencies so 
regulated by the government as to permit carriers to serve the public 
with maximum efficiency and to provide the country, year by year, 
with the additional facilities required for its untranimeled economic 
development and for its progressively greater social well being. 



niYSICAL FACTORS IX PREDICTING THE BASAL 
METABOLISM OF GIRLS* 


By FRANCIS G. BENEDICT. 

(Read .dpri! 26, IQ24 ) 

That there are reasonably close relationships between the size 
of the individual and the total twenty-four hour basal heat produc- 
tion and particularly between the surface area and the metabolism 
have for many years been considered by most physiologists as estab- 
lished facts. The original concepts were based upon startlingly few 
experimental data, however, and it was not until the collection of 
a large mass of metabolism measurements upon different normal 
individuals became available that closer study of these relationships 
could be made. After many urgent requests on the part of workers 
in metabolism, the Nutrition Laboratory in 1914 listed its measure- 
ments on normal individuals.' A consideration of certain of the 
factors affecting metabolism followed this presentation.- but the 
final analysis of the figures was designedly left until they could 
receive proper biometric treatment.^ These original measurements 
have played a most important part in several discussions of basal 
metabolism. Du Bois and his collaborators have discussed the ques- 
tion chiefly from the standpoint of surface area.'* finally recognizing 
the age and sex elements.'’ Dreyer attributes special importance to 
weight and age. differentiating between males and females, while 
Grulier ~ has laid special emphasis upon length. Finally, the bi- 

* From the Nutrition Laboratory of the Carnegie Institution of Washing- 
ton, Boston. ^Massachusetts. 

^ Benedict, Emmes, Roth, and Smith, Journ. Biol. Chetit., 1914, iS, p. 139. 

-Benedict, Journ. Biol. Chon., 1915, 20. p. 263. 

^ Harris and Benedict. Carnegie Inst. Wash. Pub. No. 279. 1919. 

Gephart and Du Bois, Arch.- Intern. Med., 1915. >5 P- § 35 ; ibid., igi 6 . ry. 
p. 902; also Du Bois, Am. Journ. Med. Sci., 1916, 151, p. 781; also Du Bois, 
Cornel! Univ. Med. Bull., 1917, 6, No. 3. Pt. 2. 

® Aub and Du Bois, Arch. Intern. Med., I 9 i 7 > rp, p. 831; also Cornell Univ. 
Med. Bull., 1918, 7, No. 3, igth paper, p. 9, 

® Dreyer, Lancet, 1920, Part 2, p. 290, 

" Gruber, Sitjcungsberichte d. Bayerischen Akadctnie d. If i.^.^enschaften, 1921, 
P- 341. 
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ometric analvsis made by the Xutrition Laboratory indicated that 
weight, stature, age, and se.x all have imieiiendent rclationshiiis.' 
There has been a great deal of controversy and perhaps much time 
lost over comparisons of these several methods of predicting the 
metabolism from known factors. Since, however, practically all 
these analyses are based, in large part at least, upon the same ex- 
perimental material, i.c.. the Xutrition Laboratory series, it is not 
surprising that the several prediction methods agree reasonably well 
among themselves. 

The data originally published in 1914 included practically no 
children. But since that time two Xutrition Laboratory series of 
metabolism measurements on children, the one made in collaboration 
with Dr. F. B. Talbot " and the other with the cooperation of groups 
of Girl Scouts/'-' have made j)ossible a more elaborate analysis of 
basal metabolism during the earlier years of human life. The prime 
use of basal metabolism predictions is obviously to compare the 
measured metabolism of pathological cases with the expected 
metabolism of a normal individual of a similar sex. age. and physical 
configuration. Perhaps no one problem is presented m'''re frequently 
to the Xutrition Laboratory than the question as to what is the best 
method of predicting the metabolism of children, for in spite of the 
numerous metabolism measurements on normal children published 
from this Laboratory, they still fall far short of the number nec- 
essary to provide an ideal method for prediction applicable to that 
period of intense physical change represented between birth and 20 
years of age. 

Many children will be somewhat disturbed, if not actually agitated, 
during the first metabolism measurements, and it is obvious that only 
repeated tests can indicate the true basal metabolism. If , in any series 
of measurements, a period of complete repose gives us a value for 
the oxygen consumption or carbon-dioxide production that is lower 
than all the other period values, then if technical errors have 

* Harris and Benedict, Carnegie Inst. Wash. Pub. No 270, igiy. 

" Benedict and Talbot, Carnegie Inst. Wash. Pub. No. 302, 1921. 

Benedict and Hendry, Boston Med. and .’iiirg Jouni, 1921, iSj. pp. 217, 
257, 282, 297, and 329; and also, Benedict. Hendry, and Baker, Proc. Nat 
Acad Sci., 1921, 7, p. 10; Benedict, Boston Med and .'^urci. Jnurn, 1923, 
f.SW, p 127. 
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been avoicied, this period must most closely approximate the 
basal metabolism. 

\\ ith two or more clo-ely agreeing: low values the probable 
accuracy of the selected figure must be very high, and the assump- 
tion is justified that the average of the two represents the closest 
approximation to basal and that al! other figures in all other periods 
are too hioh to be used in any basal diseussion. whatever their value 
may he as an index of the general, dailv 24-hour metabolism which 
includes, naturally, periods of muscular and digestive activity. For 
comparing different children and for comparing children with youths 
and adults, basal figures alone can he employed. 

Liranted that muscular and digestive activity can be. if not wholly 
eliminated, at least in large part suppressed, a close analysis of the 
factors affecting metabolism shows that we have to deal with several 
known and probaltly many as yet unknown factors. With adults 
certainly biometric analysis has shown that weight, height, age, and 
se.K each have an independent influence upon metabolism. The 
question theit arises. — what ftictor or comiunation of factors is 
niost closely correlated with the measured liasal metabolism? Re- 
cent researches indicate that undernutrition plays an important role, 
certainly with adults and probably with children. Consequently it 
is highly probable that a sinq.le statement of the age, height, weight, 
and sex will only ])artl\ meet the requirements of a jiretliction method 
and th:u one should give careful attention to the sttite of nutrition. 
Innumerable anthrojioineiric recoial' of cliddreii ha\e Ijceii made and 
various indice.s as to the state of iiuiiition htive been reported. 
riieir possible usefulnc'-s 111 jiredicltng metabolism should be in- 
vestigated. 

Ill the prediction of the metabolism of children, one usually is 
confronted with the diiliculty of expressing in an intelligent manner 

The pul'C rate, if carefully taken, and particularly the graphic records 
of the degree of repo-.e are inralnable as supporting evidence in the selection 
of ininiimim values 

Van der Loo, XeJi'il. Tinlsclir. f. Uciicesk , Amst., loio. i. p. 447 (cited 
in Journ. Am. Med. A.i.hn-.. 1919. re, p. 1403) : Rohrer, Munch. )ncd. ll’ochcn- 
schr., 1921, 6S, pp. 580 and 850: Pirquet, .'system dcr Ei itjlinoui. Berlin. Vols. 
1-4. 1017-1920 (also, Zcitschr. f. Kimlcrhcitk.. 1916-1018. VoL. 14-18) : Pirquet, 
“ An Outline of the Pirquet System of Nutrition,” Philadelphia and London, 
1922. 
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the state of nutrition, either in terms such as “ moderately ■well 
nourished," “well nourished," “thin." or "emaciated" (these hav- 
ing really no quantitative significance), or hy the use of one of the 
many suggested indices of nutrition which involve measurements that 
are frequently not taken or not rejjorted or that cannot be easilv 
estimated from commonly reported measurements. Of the various 
indices of nutrition proposed hy dift'erent writers, none has been so 
extensively compared with actual nutrition measurements as the 
index recommended by Pirquet. A recent visit to Pirquet's clinic 
in \'ienna brought to mind again the possibility of correlating some 
of these indices with the basal metabolism, with the primary object 
of seeing if it was possible to secure a simpler method of prediction. 
No critics of Pirquet's system can fail to admire the ingenuity 
with which he has devised his plan, particularly when one considers 
that it was primarily a war measure, that an untried group of labora- 
tory and hospital assistants had to be used, only limited supplies of 
food were available, and the strictest economy in rationing was 
essential. That it served its purpose is attested by the large number 
of lives salvaged by Pirquet in his masterly e.xperiment with the 
Viennese young during the period of stress incidental to the war and 
its aftermath. The true worth of much of his numerous, more or 
less arbitrary assumptions and dicta, including a terminology that v. 
Leersum “ in a spirit of raillery calls "argot." may be safely left to 
the final assessment of his pediatric colleagues, but a close analysis 
of the factors entering into Pirquet’s most ingenious, if not indeed 
(for America at least j practical, system shows two important con- 
ceptions that no physiologist can ruthlessly cast aside and condemn 
because he is not in favor of adopting the “ nem system ” in its 
entirety. 

\ ery strongly impressed with certain relationships which he finds 
between the sitting height and the body weight of humans of all 
ages, Pirquet suggests a mathematical expression of the relationship 
between the weight and the sitting height determined by dividing 
the cube root of ten times the weight in grams by the sitting height 

Pirquet, System dcr Ernahnmg, Berlin, Vols. 1-4, 1917-1920 (also 
Zcitschr. f. Kinderhcilk., 1916-1918, Vols. 14-18). 

V. Leersum, Bull. Soc. Sci. d Hyg. Alhnen., 1921, g, p. 480. 
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in centimeters.^" This quotient, to which Pirquet has given the char- 
acteristic name pelidisi," is found to range from about So to 113 
or 1 14, emaciated individuals showing the lower values and fat 
individuals the higher.^'' Consequently the pelidisi itself. Pirquet 
maintains, is a much better expression of the state of nutrition than 
is the old. admittedlv whollv inadequate expression that the person 
is well, moderatelv, or poorly nourished. As a further assistance 
in indicating the state of nutrition of individuals, particularly chil- 
dren. he proposes an expression, likewise in the form of a coined 
word, which will indicate immediately the condition of the blood 
supply to the skin, the amount of fat. the turgor, and the muscular 
development. 

In place of either of the two main factors heretofore considered 
by various writers as controlling the metabolism, i.c.. the mass of 
active protoplasmic tissue and the surface area of the body. Pirquet 
now proposes the surface of the intestine (Ernahrungsoberfiache). 
This conception challenges attention if for no other reason than that 
it is a welcome diversion from the time-honored notion that the 
metabolism is " determined " bv the heat lost from the surface of the 
body. The measurement of the length of the intestine is out of the 
question, but from several physiological and geometrical standpoints 
and reasonings he comes to the conclusion that the absorbing intes- 
tinal surface bears a simple, geometrical relation to the square of the 
easilv nteastired " sitting height.” Hence this anthropometric meas- 
urement becomes one of the most important factors in his whole 
System. Without entering into the details of the method of com- 
putation and the various as.suinptions involved in the establishment of 
a seeming proportionalitv between food needs and sitting height 
(assumptions quite out of harmony with much of his reasoning), 

In this connection the importance of actual nieasurcinents of height with- 
out shoes and weight without clothing in all data for use in metabolism 
measurements should be strongly emphasized. Normal material, to he used as 
a criterion for hospital compari.snns, must have a uniform basis which will 
not be affected either by variability in the weight of clothing (caused b\ 
custom, affluence or season) or by variations in the height of heels. For 
metabolism records onlv nude w'eights and heights without shoes are of 
value. 

It is important to realize that too does not signify perfect or normal in 
all ages. 
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the sug-cjestion still remains — Is the sittin^r height a measurement 
that is intimately related in any way to the basal metabolism ? 

A series ot basal metabolism experiments, including records of 
heat production, age, sex. height, sitting height, and weight, large 
enough to permit statistical treatment is most desired. The extensive 
X'utrition Laboratory series on iiidiviilual children is deficient in 
that the sitting height was not taken.-' Professor I’irgnet. on a visit 
to the Xutntion Laboratory, stated, however, that the sitting height 
may he accurately obtained by adding 5 centimeters to one half of 
the total height. A number of measurements made in the Xutrition 
Laboratory liave in general cominned this, and consequently it has 
been possible for the purposes of this study to derive the probable 
sitting height of the children from the reconied total height. 

Prior to the suggestion of a relationship between sitting height 
and metabolism, extensive comparisons of the influence of weight 
and surface area in the prediction of metabolism had been made by 
Benedict and Talbot “ from the measured metabolism of the Xutri- 
tion Laboratory series of boys and girls. As the method of conipu- 

Dr. C. B. Davenport has suggested to the writer that the sitting height, 
not to tile \ertex but to the ?upraiternal r.utcli, iniaht be found to be o£ im- 
portance in metabolism stiidies, as giving a InLa^urcment of trunk length un- 
complicated by head length Thi.-, niea-ureinent is strongly recommended and 
should be recorded by all workers in iTirmal metabolism studies. Although 
we have not found material differences in the measurements of the sitting 
height, when carried out without special precautions and when compared with 
the specifications of Dreyer, for the sake of uniformity and exactness in de- 
scription the Dreyer method is undoubtedly preferable. Dreyer (see Dreyer 
and Elaii-on, "The Assessment of Physical Fitness," X'ew York, 1921, pp 5 
and 6) shows a special apparatus which, Iiowewer, is hardly necessary. Fie 
states that the subject should sit on the floor and not hang the legs over a 
chair or bench. He specifies that the measurements should be made as follows. 
"The subject places the back.s of the fingers upon the platform on which he 
sits, and, with the fingers pointing backwards and the knees flexed, lifts the 
lower portion of the body gently backwards until the lowest bony portion of the 
Os sacrum is in contact with the front of the measuring standard The back 
is then straightened until the back of the head comes into contact with the 
standard. It will be found that different persons rciiuire to bend the knees in 
different degrees in order to achieve this position. The head should be tilted 
neither up nor down, and the eyes should look straight forw'ard. The measure- 
ment thus obtained gives the distance between the ischial tuberosities and the 
top of the head.” 

Benedict, Boston Med. and Surg. Journ., 1919, 181, p. 107; Benedict and 
Talbot, Carnegie Inst. Wash. Pub. No 302, 1921. 
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ration and comparison is. in lieu of statistical treatment, the most 
rational that we have thus tar found, a word as to its details is here 
desirable. For example, basal metaltolism measurements were made 
in a respiration chamber on a total of i^8 boys and 114 girls, and 
simultaneously the heights, weights, and measured surface areas 
were recorded. The result for each child 1 boy or girl) was repre- 
sented by a point on a chart, with the values for the measured metab- 
olism as the ordinates and another factor, such as weight, age. or 
>urface area, as the abscissae, b'sing separate pieces of tracing 
paper, five difi'erent members of the Xutrition Laboratory stafl; 

! all skilled workers with metabolism charts ) each sketched, free- 
hand. the curve that to him seemed to represent most truly the 
general trend of the plots. A composite of these five curves was 
subsequently made, to obtain the final curve represented on the chart. 
Thus a curve was olitamed showing the predominant trend of the 
metabolism as related to its compared factor. 

Precisely this treatment was accorded the relationships between 
the basal 24-hour heat jiroduction and body weight, measured sur- 
face area, and age.^“ These curves show the general trend of the 
metabolism as referred to weight, .surface area, and age, and from 
the general grouping of points about the curves it would seem that 
certain curves might be of practical value for jmedicting the unknown 
basal metaboli^m of a boy or girl whose weight or surface area is 
known. Although the curves represent trends only, the wide scatter 
of individual points is disturbing to the thought of using such 
curves for prediction jnirjioses. Furthermore, the percentage de- 
viation of the points from the smoothed curve is largely atfected by 
the actual weight or surface area of the individual. Percentage 
relationships onlv. therefore, may ]iro]terly be used in assessing value 
to these curves for prediction purposes. 

The actual heat production of a child, as measured, is referred, 
for example, to that noted on the curve for the weight of the partic- 
ular child. The difference Itetween these two values indicates whether 
the predicted heat production (from the smoothed curve') is greater 
or less than the actual heat production. Thus, if the predicted heat 

Benedict, Boston Med. ond Siinj. Joitrn., 1919- ti’r, p. 107; Benedict and 
Talbot, Carnegie Inst. M'ash. Pub. No. 302, 1921. 
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production is lower than the actual, the difference will be expressed 
by a minus sign. The percentage ditference is obtained by dividing 
too times the difference by the actual heat production. Thus, in a 
tv'pical case, a boy 7 years and 2 months old. with a nude weight 
of 19.9 kilograms and a height of 111.5 centimeters, had an actual 
basal heat production per 24 hours of 83S calories. From the 
smoothed curve showing the relationship between the basal 24-hour 
heat production and the weight a boy weighing 19.9 kilograms would 
be expected to have a heat production of S57 calories, i.c., the pre- 
dicted heat production is 2.3 per cent, above the actually measured 
metabolism.-" Similarly, on the basis of the curve for total calories 
referred to body surface, this same boy. having a surface area 
(measured by the Du Bois linear formula) of 0,82 square meter, 
is found to have a predicted heat production of 867 calories, which 
is 29 calories or 3.5 per cent, greater than his actual metabolism. 
The results for boys and girls were calculated in this manner and 
expressed on the percentage basis, the total heat production being 
referred both to weight and surface area. 

The next step in the analysis is to note the average percentage 
deviation, without regard to sign, of all of these predicted values 
from the values actually found. Obviously that method of prediction 
giving the smallest deviation of predicted from actual is the best. 
The extensive tabulations and details of all calculations are given 
in the original report of these studies, and a repetition here is 

The method of computation of the percentage values given in this paper 
may be challenged. Thus, we have used the actual heat production as 
the basis in determining the percentage deviations, that i.s, we have divided 
the difference between the actual and the predicted metabolism by the actual 
metabolism. One may maintain that we should have used not the actual but 
the predicted heat production as a basis, since the true test of the prediction 
curve is the range of the deviations from the prediction. This would mean 
that some of the percentage values previously computed on the basis of the 
actual metabolism would be rai.sed a little and some would be lowered a little. 
There would therefore be compensation here and the average percentage 
deviation would be altered but slightly on this new basis. We have accord- 
ingly not deemed it necessary to recompute these percentages, although, strictly 
speaking, it would have been more correct to have used the predicted metab- 
olism as the basis. 

=1 Benedict and Talbot, Carnegie Inst. Wash. Pub. No. 302, 1921, pp. 187 
et seq. 
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undesirable. A summar\- of the findings is, however, given in 
Table I. 

TABLE 1 . 


COMPARISOX OF THE AcTU.AL BaS.\L 24-HoUR He.\T PrODUCTIOX OF BoYS AXD 
Girls with the Metabolism Predicted from Body Weight 
AXD Body Surface. 


Group. 

Basis 

of 

Prediction. 

Xumber 

of 

Subjects. 

Deviation of 
Predicted 
from Actual. 

All bovs 

Weight 

128 

±: p.Ct. 

7-4 

Below 10 kilos 


60 

S .7 

.■\bove 10 kilos 


68 

6.3 

-■Ml bovs 

Surface 

128 

7 o 

Below 0.45 sq. m 1 


52 

7-7 

Above 0.45 sq. m ' 


76 

7-3 

-■^11 girls 

Weight 

114 

9-7 

Below 10 kilos 


3 S 

II. 8 

-•^bove 10 kilos 


56 

7'5 

All girls 

Surface 

114 

9.8 

Below 0.45 sq. m 


49 

II. 6 

Above 0.45 sq. m ' 


65 

8.5 


In Table I. two facts are clearly brought out. first, that the pre- 
dictions below 10 kilograms or 0.45 square meter are with both 
boys and girls poorer than those made above these limits. Secondly, 
on any basis the prediction for boys in general is measurably better 
than the prediction for girls upon the same basis. There is a dis- 
tinctly better prediction of the basal metabolism of children over 
one year of age (i.e., over 10 kilograms or 0.45 square meter) from 
the weight rather than the surface area. The best prediction is 
that for boys over 10 kilograms, i.e., ± 6.3 per cent. From these 
summarized analyses of the deviations of predictions with boys and 
girls it was concluded that the prediction from weight was the best 
available, and a table was prepared, giving the most probable heat 
production of boys and girls of different weights from birth to 
puberty. This table has been published -- and is now much used as 
a method of predicting the basal metabolism of children. 

2- Benedict and Talbot, Carnegie Inst. Wash. Pub. No. 303, 1921, Table 
36, p. 206; see, also. Carpenter, Carnegie Inst. Wash. Pub. No. 303, 1921, 
Table 20, p. 109. 

3 
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Pirquet’s concept of a proportionality between metabolism and the 
sitting height, a concept borne out by his practical experiences in 
feeding large numbers of children in \*ienna. seemed to warrant a 
closer examination of the relationship between the measured basal 
metabolism and sitting height with these children. From the Nutri- 
tion Laboratory data for children this relationship between metab- 
olism and sitting height-^ could be easily computed. It was found, 
in considering the series of boys over lo kilograms, that dividing the 
measured 24-hour basal metabolism by the square of the sitting 
height gave a factor corresponding to 0.241 on the average. The 
range between different individuals was very great. For example, 
the factor for one boy was as low as 0.165 ^^d for three individual 
boys as low as 0.186, while with five it was 0.310 or above, the high- 
est value being 0.340. Thus we see that this constant had an extreme 
variation of over 100 per cent. It became clear at the outset, 
therefore, that while a large number of boys showed constants be- 
tween .200 and .240, the variation was very much wider with many 
others. Any concept of this “ constant ’’ representing a single value 
must therefore immediately be given up, for whatever semblance of 
proportionality Pirquet found with his Viennese children between 
their total food needs and sitting height, certainly no significant rela- 
tionship could be established on the basis of basal metabolism. 

At this step it became evident that the severest test of any pro- 
posed method of prediction would be made by applying the predic- 
tion method to our measured series of girls. The predictions for 
boys first made, either from the weight or even by the Harris and 
Benedict formula for men, have been shown to be reasonably satis- 

It is important to emphasize that in this paper wherever sitting height 
is mentioned, it does not refer to actually measured sitting height, but it 
represents one half of the total stature in centimeters plus S centi- 
meters The propriety of this procedure suggested by Pirquet is fully es- 
tablished in numerous series of measurements by Bardeen {Am. Jotirn. Phys. 
Anthropol., 1923, 6, p, 355). Dr, Fritz B. Talbot has called my attention to 
the fact that this rule, which may work admirably for normal children, is 
notably wrong with a series of Mongolian idiots which he has measured, in 
which the additive factor is much nearer 10 centimeters rather than 5 centi- 
meters. The applicability of this formula, therefore, must always be some- 
what restricted. Direct measurements are of course by far the safer pro- 
cedure. 
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factory.-^ With girls the prediction is by no means satisfactory 
and many of the problems in metabolism presented to the Nutrition 
Laboratory have had to deal with the metabolism of girls. Atten- 
tion was therefore immediately directed toward the series of girls 
and the possible relationships between the heat production and sit- 
ting height were studied with them. When the values for the total 
heat production (as measured) divided by the sitting height squared 
were plotted, in one chart against the height, in another against the 
sitting height, and in another against the sitting height squared, and 
when through these plots curves representing the probable general 
trend were drawn in accordance with the method outlined previously, 
it was found that the prediction from these curves was of a much 
higher order of accuracy than the prediction by any other method 
thus far proposed for the girls. Indeed, as can be seen from Table 
I., the best predictions there recorded showed an average deviation 
of predicted from actual, on the basis of weight, of zt 7.5 per cent, 
for the 56 girls above 10 kilograms in weight, and on the basis of 
surface area = 8.5 per cent, with the 65 girls above 0.45 square 
meter. We now find that by using the relationship between sitting 
height squared and the total heat and referring to the three bases, 
height, sitting height, and sitting height squared, it is possible to 
secure predictions for these 56 girls weighing 10 kilograms and above 
of an order of ±: 6 per cent. It is quite clear, therefore, that the 
sitting height squared, or at least the length factor, has materially 
altered the entire complexion of the method of prediction. 

As a result of this finding a large number of computations and 
comparisons were made, using chiefly the data for the 56 girls in 
the Benedict-Talbot series weighing 10 kilograms or above. It is 
impracticable to present all of the numerous tables and plots, but 
in Table II. are summarized the average percentage deviations found 
by predicting the metabolism from the several curves. 

A general inspection of this table shows that the higher per- 
centage deviations are noted almost invariably with relationships 
which involve body weight or area, such as those under the head 
of heat per kilogram or heat per unit of surface area. On the other 

Benedict and Talbot, Carnegie Inst. Wash. Pub. No. 302, 1921, p. 
194; also Benedict, Proc. Nat. Acad. ScL, 1920, 6 , p. 7. 
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TABLE 11. 

CoMP.^RISOX OF DiFFERE.VT METHODS OF PreDICTIXC THE B.VS.VL 24-HoCR He.AT 
Productiox of the 56 Bexedict-T-\lbot Girls io 
Kilogr-a.ms .a-XD Over ix Weight. 

(Values represent average percentage deviations, without regard to sign, of 
predicted from actual metabolism.) 


i Basis of Reference. 

I 


Heat Factor. ■ 

ic 

< 

Weight. 

Height. 

Sitting 

Height. 

Sitting 

Height 

(Squared). 

Total heat “ 

6.2 

7-5 

6.0 

6.7 

5-8 

f height 

5-8 

6.2 

6.1 

5 9 

6.1 

1 sitting height 

5 7 

6.5 

5-9 

6.0 

6.3 

T.„.h„.d,v,drib,-p»»e3“, . 

" 2 

7-5 

6.1 

S -9 

5 .S 

1 weight divided by 












Heat per kilogram 

9 4 

7-4 

=3 

15 


1 lieight . . 

II 0 

6.9 

7*7 

7 8 

8.1 

Heat per kilogram divided bv •' 

* • sitting height 

IO 9 

6.6 

7*3 

10.8 

7.6 

(squared; 

13-4 

7.8 

7.0 

7-9 

8.6 


84 

8.0 

8.1 



Heat per square meter divided by sitting 







8 0 


Total heat . , , 



j 


divided by weight . . . . 

2'. 


1 



Height 



1 




The prediction on the basis of the total heat referred to body surface 
showed an average percentage deviation of + 7.9 per cent. The values for 
total heat production were also plotted with reference to the ^'an der Loo 
index (weight div-ided by square of length), but the scatter of the points was 
very wide, 

-A. chart was plotted on this basis of reference, but the scatter of the 
individual points was so great that it was not considered justifiable to draw 
a smoothed curve through the points and make the computations therefrom. 


hand, in those relationships which involve some length factor, such 
as when the total heat is referred to either height, sitting height, or 
sitting height squared, and when the total heat is divided by the 
height, by the sitting height, or by the sitting height squared, and 
referred to the several other factors, the order of prediction is very 
much improved. Of the half hundred methods of prediction listed 
in Table II., a goodly number show an accuracy of ± 6.3 per cent, 
or better, and in limiting the selection of the best method of pre- 
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diction to those methods showing an average deviation of predicted 
from actual of ±6. 3 per cent, or better, we see that all prediction 
methods involving the weight element and the surface area element 
are. except in one instance, immediately ruled out. But even with 
the limited selection, the determination of the most practical or 
best method of prediction among this selected group is still somewhat 
involved and we have recourse to another factor, namely, the dis- 
tribution of the individual percentage deviations outside of the 
average deviation. 

In Table III., the data are collected for those bases of prediction 
only with an average accuracy of zb 6.3 per cent, or better. This 
tabulation shows the actual number of girls in the series of 56 
studied whose deviations in predicted metabolism are outside the 
average deviation, the number outside ± 10 per cent., and the 
number outside ±15 per cent. 

A general inspection of the table shows that the range of ac- 
curacy in prediction is from ± 5.7 to zt 6.3 per cent., with a central 
tendency for the average to be about bz 6.0 per cent. The number 
of individuals outside the average deviation is very close to 22 or 
25, the number outside the ±10 per cent, range is from 9 to 15, and 
the number outside zb 15 per cent, from 3 to 5. Seemingly there 
is but little to differentiate the best method, owing to the small 
(statistically speaking) number of individuals that we are working 
with, and hence the advantage, from the practical standpoint, must 
lie with that method involving the simplest measurements. As 
the height is invariably recorded and it is necessary for this series 
of girls to compute the sitting height from the height, the relation- 
ship between the total heat production and the height is selected as 
the most practical method of predicting, although it does not give the 
absolute minimum value in the accuracy of prediction, as shown in 
Table III. The average error is zb 6.0 per cent., there are 23 girls 
outside the average deviation, ii girls outside zb 10 per cent., and 
4 girls with a prediction error of zb 15 per cent, or more. 

The curve for the total heat production referred to height is 
given in figure i, the data for 57 girls under 10 kilograms in weight 
being plotted as well as the data for the 56 girls above lo kilograms 
in weight. Through the plotted points representing the total heat 
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as measured and the stature has been sketched the curve represent- 
ing the general trend of the metabolism, as outlined by five workers 
independently. In figure i we have not indicated the girls below 
10 kilograms by special points, but in general those girls below 78 
centimeters in height are those weighing under 10 kilograms. 


TABLE III. 

Disteibutiox of Peecextage Deviatioxs IX Those Predictioxs Which 
Showed ax Average Accuracy of + 6.3 Per Cent, or Better 
FOR THE 56 Girls 10 Kilograms axd Over ix 
Weight. 





Average 

Deviation 

Number of Girls 
Outside of 

Prediction. 


of Pre- 
dicted from 
Actual. 

Average 
; Devia- 
tion. 

=fc 10 
p.ct. 

± 15 

p.ct. 

f age 


± p.ct. 
6.2 

23 

10 

5 

] height. . . 


6.0 

23 

II 

4 

[ sitting height (squared) 

5 -S 

24 

9 

3 

age 


5.8 

23 

12 

3 

weight. . 


6.2 

25 

14 

4 

■ height. . , 


6.1 

24 

12 

4 

sitting height 

3-9 

22 

9 


[ sitting height (squared) | 

6.1 

25 

15 

4 


f age. . 

i 

5-7 

22 

II 

3 


height 

5-9 

24 

12 

4 

i to ' 

sitting height 

sitting height 

(squared) 

6.0 

6.3 

24 

23 

12 

15 

4 

4 


' height .... 
sitting height 

6.1 

5-9 

23 

25 

13 

14 

4 

3 



1 sitting height 
[ (squared) . 

5-8 

23 

13 

3 


Total heat referred to < 


Total heat 
Height 


referred to 


Total heat 
Sitting height 


Total heat 
Sitting height squared * 


From this curve we have also predicted the metabolism of the 57 
girls below 10 kilograms in weight, and find that the error of pre- 
diction is on the average ± 10.9 per cent, with 28 individuals falling 
outside the average and 16 outside of ± 15 per cent. This average 
accuracy of dz 10.9 per cent, betters appreciably the ± 11.8 per cent, 
recorded in Table I. for the 58 girls below 10 kilograms in weight. 
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when the prediction was based on weight,-' and is also better than 
the ± 1 1.6 per cent, found when the prediction was based on 
surface area. 


Cals. TOTAL HEAT REFERRED TO HEIGHT GIRLS 



Fig. I. Basal heat production of girls per 24 hours referred to height. 
The dots represent girls from I week old to I2 }'ears old; the crosses repre- 
sent the groups of Girl Scouts : the arrow indicates the average value for 
103 adult women. 

The curve in Fig. i, therefore, by every test proves its superiority 
to the other methods of predicting the metabolism of girls from birth 
to 12 years of age, and it is clear that Benedict and Talbot, instead of 
stressing the weight or surface area, should have recognized the great 
significance of length, either in its simpler form as total stature or as 

On the weight basis, data were available for 58 girls below 10 kilo- 
grams, but on the height basis the data for only 57 girls were available, as no 
height was recorded for one of the girls. 
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sitting height, which was so much emphasized by Pirquet and later 
by Dreyer. With children from birth to puberty, to be sure, one 
would expect to find a close relationship between age and height 
and weight, but while age and weight are both related to heat 
production, the heat is somewhat more closely related to height than 
to either age or weight. 

Between puberty and 21 years of age, when the adult formula 
for the prediction of the heat production of women applies,'® there 
is still a period of 8 years to be considered, which is represented 
by the Xiitrition Laboratory measurements of Girl Scouts.'® These 
Girl Scout values have been plotted in Fig. i, which indicates the 
general trend of the total heat production when referred to height, 
and the curve for girls up to 12 years of age ( or 138 cms. in height) 
has been extended to pass through the cluster of Girl Scout data. 
The consideration as to whether this section of the curve may be 
used for predicting the metabolism between 12 and 21 years of age 
brings out two facts. In the first place, when one attempts to use 
this curve to predict the metabolism of the Girl Scout groups, one 
finds that the ii groups are predicted on the average with an error 
of dz 4.2 per cent., with 3 groups outside the average and one group 
more than 10 per cent, from the central line. This accuracy of pre- 
diction is measurably poorer than the accuracy found (i.e., circa ± 
3.4 per cent.) when, as in the original treatment of the Girl Scout 
data, weight, age, and surface area alone were considered and the pre- 
diction curve was based only on the Girl Scout data, with no attempt 
to blend the curve with the curve for the younger girls. 

A second and more important fact is to be considered in deter- 
mining whether this curve showing the heat-height relationship is 
the best one to use in predicting the basal metabolism of girls in 
this age range. From the Girl Scout measurements we find that 
all the groups of girls (each group containing 12 girls) between 
12 and 18 years showed essentially the same total basal metabolism, 

Harris and Benedict studied a few girls under 21 years of age, but 
their prediction tables do not apply below 21 years. 

Benedict and Hendry, Boston Med. and Surg. Journ., 1921, 1S4, pp. 
217, 257, 282, 297, and 329; also Benedict, Hendry, and Baker, Proc. Nat 
Acad. Sci., 1921, 7, p 10: also, Benedict, Boston Med. and Surg. Journ., 1923, 
188, p. 127. 
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the average for all the groups being not far from 1.250 calories. 
Since the younger girls were likewise smaller in weight, shorter, 
and of smaller surface area, the heat production per kilogram of 
body weight and per square meter of body surface was specifically 
high with the younger, i.e., shorter and lighter weight girls. From 
Fig. I, in which the total metabolism is referred to height, it is 
clear that as height increases total metabolism increases, while the 
Girl Scout findings show that the total metabolism remains essentially 
constant between 12 and 18 years of age in spite of an increase in 
stature from 150 to 165 centimeters. The curve for total metabolism 
referred to height implies a continually increasing metabolism with 
increasing height, contrary to the Girl Scout findings, and hence 
the usefulness of the curve for predicting beyond 12 years (or 138 
cms.) is immediately challenged. It is important to bear in mind that 
the direction of this curve was determined solely by the measurements 
on children, but it should be pointed out that the average heat 
production (1.349 calories) at the average height (162 cms.) of 
the 103 adult women studied by’ Harris and Benedict would lie 
about 4 per cent, above the curve as at present drawn. This 
average point for the 103 women is indicated in Fig. i by the arrow. 

The recent publication by Miss Bedale “ of a series of measure- 
ments of basal metabolism of young girls confirmed the Nutrition 
Laboratory findings of uniformity of total metabolism with the Girl 
Scouts. Thus, her data for girls show that on the average the basal 
heat production per 24 hours is 1,402 calories at 12 years, 1,478 
calories at 13 years, 1,456 calories at 15 years, 1,363 calories at 16 
y'ears, and 1,349 calories at 17 years. From these data one can draw 
the conclusion that her girls I2 to 17 years old also had essentially’ 
the same basal metabolism, i.c., not far from 1,400 calories. That 
this value is measurably’ above the 1,250 calories found for girls of 
similar ages in the Nutrition Laboratory’ series is not of significance 
at this time.^^ 

““ Bedale, Proc. Roy. Soc., Lottdon, 1923, Ser. B, ^4, Table I., p. 375. 

It should be pointed out here, however, that the discussion of Miss 
Bedale’s data later in this text is based not upon these average values but upon 
minimum figures selected from the detailed data kindly placed in our hands 
by Miss Bedale. 
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In an unpublished series of metabolism measurements on girls 
made by Aliss Grace MacLeod of the Department of Nutrition, 
Teachers College, Columbia L'niversity, Xew York City, certain 
pertinent data are also to be found. The detailed data have gener- 
ously been placed at the disposal of the Nutrition Laboratory and 
from these data it is found that the basal 24-hour heat production 
was on the average 1,295 calories at 12 years, 1.365 calories at 13 
years, and 1,308 calories at 14 years. In other words, among her 
12-, 13-, and 14-year-old girls there was also a uniformity in the basal 
metabolism, a fact which further confirms the findings from the 
Girl Scout data and Miss Bedale’s data. 

Thus three independent series of measurements are in agreement 
in the finding that the basal metabolism is essentially constant with 
girls from 12 to 18 years of age, i.e., independent of weight, height, 
or age. To neglect this finding in a proposed method of prediction 
seemed wholly unjustifiable, and consequently still another method 
of prediction was studied in an attempt to throw light upon this 
problem. 

In many of the numerous curves it was often noted that those 
girls farthest away from the central tendency were quite apt to be 
somewhat over or under weight, although in the original selection 
of material every precaution^- was taken to avoid obviously path- 
ological children. This seeming correlation between the deviation 
from the general trend and the weight, or rather the weight-height 
ratio, brought up vividly Pirquet’s second important point, namely, 
the classification of children according to some nutritive index such 
as, for example, the pelidisi.^^ The pelidisi for each child was 
therefore computed and the values for the total heat production 
were then divided by the pelidisi. On plotting these quotients 
against increasing height (as shown in Fig. 2), it was found that 
there was a distinct tendency for a straight line relationship with 

See discussion and demonstration of normality of children used in the 
study (Benedict and Talbot, Carnegie Inst. Wash. Pub. No. 302, 1921, pp. 
32 et seq.). 

Pirquet, “An Outline of the Pirquet System of Nutrition," Philadelphia 
and London, 1922, pp. 89 et seq. 

2* Gruber’s stature index was also computed for each child and found 
to be rather closely correlated with the pelidisi, so it was deemed unnecessary 
to make any prediction on this basis. 



PREDICTING THE BASAL METABOLISM OF GIRLS. 


43 


girls from about 3 months of age, i.e., 60 centimeters in height, up 
to and including the Girl Scout groups. It then seemed desirable 
to see what this relationship would be with the 103 normal women 
studied by Harris and Benedict. T heir pelidisi were consequently 
computed and the factors for the total metabolism divided by the 
pelidisi were plotted (not shown in detail in Fig. 2), also referred 



Fig. 2. Relation.ship between height and the basal heat production per 
24 hours divided by the pelidisi. with females from I week of age to full 
maturity. The hollow dots represent girls below 10 kilograms in weight or 
younger than I year; the solid dots represent girls 10 kilograms or above in 
weight; the crosses represent the groups of Girl Scouts; and the arrow in- 
dicates the average value for 103 adult women. 



44 


BENEDICT— PHYSICAL FACTORS IN 


to height. The scatter of the individual points was very wide, and 
yet the central tendency was clearly in line with the straight line 
found with the children, as shown by the average point for the 
women plotted in Fig. 2, which lies about 3 per cent, above the line. 
It is important again to emphasize that the line in Fig. 2 was drawn 
without any regard to the average value found for women. 

In the entire age range, therefore, from 3 months through adult 
life a reasonably straight line relationship was found with girls and 
women for the total heat production divided by the pelidisi fa 
distinctly arbitrary procedure, to be sure) referred to height. The 
true significance of this finding appears later, when comparing the 
Nutrition Laboratory series of measurements on girls with other 
series. Using this straight line to predict the metabolism of the 56 
girls in the Nutrition Laboratory series above 10 kilograms, we find 
an average error in prediction (see Table IV.) of ± 7.2 per cent., 

TABLE IV. 


Study of the AccuR-.^cy ix the Predictiox of the Met.vbolism or 

Girls from the Pelidisi axd the Age, Height, or 
S iTTixG Height (Squ.^red). 


Total heat“ 

Average 

Percent- 

Number of Girls 
Outside of 

age Devia- 
tion (±). 




Pehdisi 

Average 

Devia- 

tion. 

zb 10 

p.ct. 

± 15 

p.ct. 

Age (56 girls 10 kg. and above) 

6.3 

22 

II 

4 

Height (straight line function) 





56 girls 10 kg. and above 

7-2 

23 

15 

6 

II Girl Scout groups 

4.8 

4 

I 

0 

103 women 

7-1 

45 

28 

II 

Height (smoothed curve) 





57 girls below lo kg 

10.6 

26 

27 

16 

56 girls 10 kg. and above 

6.2 

24 

10 

5 

II Girl Scout groups 

4.9 

5 

I 

0 

103 women 

7.2 

43 

28 

13 

Sitting height (squared) 





56 girls 10 kg. and above 

6.5 

23 

13 

3 

II Girl Scout groups 

3-3 

4 

I 

0 

103 women 

7-3 

46 

26 

13 


The total heat divided by the pelidisi was also referred to weight, but 
the scatter of the individual points was too wdde to justify the laying on of a 
smoothed curve and making predictions therefrom. 
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with 23 girls outside the average deviation, 15 outside ± 10 per 
cent., and 6 outside ± 15 per cent. This order of accuracy does 
not compare favorably with that for the prediction of total metab- 
olism referred to height, but it is to be noted that it is actually some- 
what better than the heat-weight relationship preziously suggested 
as the most practical for prediction purposes. 

Momentarily disregarding the straight line and by the usual 
procedure sketching a curve through the individual points represent- 
ing the total metabolism divided by the pelidisi referred to height, 
we get a curve somewhat off the straight line, giving, however, an 
accuracy of prediction considerably better than on the straight line 
basis, i.c., ± 6.2 per cent, for the 56 girls above to kilograms in 
weight. 

For the ages represented by the Girl Scout data, t.e., 12 to 18 
years, the prediction from the pelidisi and the height has an order 
of accuracy for the Girl Scouts on the basis of the straight line 
relationship of zh 4.8 per cent., and on the basis of the relationship 
expressed by the smoothed curve of ±: 4.9 per cent., values again 
larger than that olDtained with the heat-height prediction curve of 
± 4.2 per cent, and, correspondingly, larger than the value of about 
± 3.4 per cent, obtained in the original Girl Scout predictions, on the 
basis of heat per kilogram of body weight and heat per square 
meter of body surface referred to age and weight. 

For the 103 women the order of accuracy on the basis of the 
straight line relationship between height and total metabolism divided 
by the pelidisi is ±; 7.1 per cent., i.e., a somewhat wider deviation 
than the deviation of ir 6.3 per cent, obtaining in the prediction by 
the Harris-Benedict formula for adult women.““ 

While, therefore, from the standpoint of general physiology it is a 
significant fact that when the state of nutrition, as expressed by the 
pelidisi, is brought into play a straight line represents the heat- 

Harris and Benedict, Carnegie Inst. Wash. Pub. No. 379. 1919, p. 227. 

It will be noted in Table IV. that we also predicted the metabolism 
from the pelidisi and age and sitting height (squared), but in our text dis- 
cussion we have laid special emphasis upon the straight-line function with 
reference to height, as this implies a higher degree of physiological prob- 
ability of correlation. 
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height relationship between 3 months of age and full maturity, for 
the practical purpose of predicting metabolism this relationship is not 
of so great value as the simple heat-height relationship for girls from 
birth to puberty, and for adult women of 21 years and above the 
prediction is better made by a formula considering age, height, and 
weight.^® 

There remains the age range from 12 to 20 years to be still 
further considered. The Girl Scout values have been marked as 
ver}' low by many observers. In fact, the question has been raised 
as to whether the metabolism of girls in bed at 4 a.m., asleep, is not 
lower than that which is commonly called basal. This accentuates 
in a striking manner the criticism of Krogh and suggests that his 
term “ standard metabolism ” is more logical. The conditions dur- 
ing the experiments with the Girl Scouts were admittedly different 
from those obtaining in basal metabolism measurements in the or- 
dinary clinic or physiological laboratory. The girls were sound 
asleep, well covered, and thoroughly relaxed, in an environmental 
temperature of 20° C., and the lowest minimum value observed 
during the night for the group was selected as the basal value. On 
the other hand, the measurements were not made the traditional 
12 hours after the last food. Yet the relatively few respiratory 
quotients actually measured suggested that the effects of the light 
supper (consisting mostly of carbohydrates) had passed off.®® 

The question then arises — Is sleep per sc a depressing factor of 
such moment? The Nutrition Laboratory has accumulated a rather 
large amount of data on subjects asleep and awake. This is not 
the place to discuss the data, as the research is still in progress 
(necessarily very slow, as the opportunity for such measurements 
occurs only rarely). The picture thus far is by no means uniform. 
As regards the Benedict and Talbot series of girls from 8 to 12 
years of age, who were studied in the New England Home for 
Little Wanderers, very careful records were kept with regard to 
whether the girls were awake or asleep in the clinical respiration 
chamber. On a number of the curves which we prepared in con- 

Krogh, “ The Respiratory Exchange of Animals and Man,” London, 
1916, p. 56. 

A very recent and careful study by Professor Blunt (Journ. Biol. Client., 
1924, 59, p. 77) supports this conclusion. 
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nection with this study we indicated those girls who were awake 
through the entire experiment, those who were asleep throughout 
the entire experiment, and those who were both awake and asleep. 
It was subsequently found that in this age range from 8 to 12 years 
essentially the same number of points for girls awake or asleep or 
parti}' awake and asleep were each side of the line indicating the gen- 
eral trend of metabolism. These data, therefore, seemed to indicate 
that the effect of sleep was negligible. But, on the other hand, 
the few Girl Scout periods available suggested a profound decrease 
in metabolism during sleep. 

Although the question of the influence of sleep is still held in 
abeyance, it seems unwise to raise the standards arbitrarily, but 
of course this could be done. In the belief, however, that the 
metabolism would best be expressed as near basal as possible, a 
series of recommendations for the prediction of the metabolism of 
females from birth to full maturity is here given, based upon these 
studies with girls, women, and indeed infants. 

There has been no new contribution to the data on the metabolism 
of new-born infants since the extensive series of measurements 
by Benedict and Talbot, and hence the method of prediction rec- 
ommended by them is still the best in existence. It was found 
that there was an intimate relationship between the heat production 
and the length and a formula was devised to take into consideration 
both the length and the body surface. This formula, which is ap- 
plicable to both males and females, is as follows: 

h=IX 12.65 X 10.3 

in which h equals the total heat production per 24 hours, I equals the 
length in centimeters, and re the weight without clothing, in grams, 
while 12.65 ^ constant representing the average calories per 

square meter per 24 hours per centimeter of length and 10.3 ^ w- 
represents the body surface of the child. Owing to the very unstable 
heat regulation of the new-born infant during the first day of life, 
Benedict and Talbot suggest that no predictions can be made with 
any degree of accuracy until the child is days old, and this 
formula is recommended for children from ijS to 6 days old. 

•‘f Benedict and Talbot, Carnegie Inst. Wash. Pub. No. 233, 1915, p. 108. 
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After 6 days of age and up to 12 years (i.c.. from 48 to 138 
centimeters in height) it is recommended that the predictions be 
made for girls on the basis of the curve for the total heat production 
referred to height (see Fig. i). Accordingly in Table V. we have 
given the basal 24-hour heat production predicted from height for 
girls in this age range, that is, with heights from 48 to 138 centi- 
meters. 


TABLE V. 

B.\S.\L 24-HorR HE-\T PrODUCTIOX of GtRLS FROM THE FiRST WEEK AfTER 
Birth to 12 Ye.\rs of Age, Predicted from Height. 


Height. 

Pre- 

dicted 

Heat. 

Height. 

j Pre- 
dicted 

1 Heat. 

Height. 

Pre- 

dicted 

Heat. 

Height. 

Pre- 

dicted 

Heat. 

cms. 

cals. 

cms. 

cals. 

cms. 

cals. 

cms. 

cals. 

48 

122 

71 ... . 

483 

94 - • • 

630 

117 — 

837 

49 

136 

72. . . . 

500 

95 

637 

118. .. 

847 

50 

150 

73. . • ■ 

516 

96 

644 

119. - . 

857 








866 

52 

178 

75 • • • • 

543 

9S 

659 

121 

875 

53 

194 

76.... 

• 1 557 

99 • ■ ■ 

667 

122 . 

885 

54 - ■ • 

208 

77 • • • • 

■ : 5 b 7 

100. . . . 

d 75 

123 — 

894 

55 • ■ • • 

222 

78. . . . 

575 

lOI* .... 

683 

124 . . . 

904 

56 

236 

79 - • • ■ 

• ' 583 

102 .... 

693 

125. . . 

915 

57 

250 

80 . . . 

.! 586 

103 

700 

12O ... . 

925 

S8.. .. 

208 

81. . . 

■ ' 591 

104 — 

711 

127. . . 

935 

59 ••• ■ 

283 

82 ... . 

595 

105 . . 

720 

128 ... 

945 

60 

300 

83. . . 

598 

106. . . . 

730 

129 . . 

936 

61 

318 

84.... 

602 

107 . 

740 

130 

965 

62 

332 

85. . . 

605 

108. .. , 

749 

131 . 

975 

63 ■ 

350 

86 

607 

109 . . 

759 

132. .. 

9S5 

64 .. . 

367 

87. . . 

' 610 

no 

769 

133. . . 

995 

65.. . 

384 

88 

612 

Ill . . . 

778 

IJ 4 ... 

1005 

66 

401 

89. . . . 

! 615 

II 2 . . 

788 

135 - . • 

1016 

67 

41S 

90. . . 

617 

II 3 - ■ 

797 

136.. . 

1026 

68 .... 

435 

91 . - - 

620 

II4 

807 

137 ... 

1037 

69. .. . 

452 

92 . . 

! 623 

115 

817 

138 . . 

1047 

70 

46 8 

93 - - 

626 

II6. , . . 

S28 




For girls from 12 to 20 years it has been shown that this heat- 
height relationship does not hold, and hence it is recommended that 
for this age range the predictions be based upon the relationship 
between the heat production per kilogram of body weight and age, 
as illustrated in Fig. 3 and tabulated in Table VI. While this 

" Previously published by Benedict, Boston Med. and Siirg. Joiirn., 1923, 
1S8, Fig. 2, p. 134, and Table V, p. 137. 



PREDICTIXG THE BASAL METABOLISM OF GIRLS. 49 


recommendation is based exclusively upon the Girl Scout work, 
it is important to note that the Girl Scout work did not include the 
range between i8 and 20 years, and we have therefore projected the 
curve in Fig. 3 as a straight line between 18 and 21 years. 


TABLE VI. 

E.as.\l He.\t Productiox Per Kilogr.\m of Body Weight Per 24 Hours 
Predicted from Age, for Giri.s 12 to 20 Yit\rs of Ace 



Age. 

Predicted Heat. 


Age. 

; Predicted Heat. 


yrs. 

cals. 


yrs. 

cals. 

12 . . 


31.0 

16 . . 


21.9 

I2i. , 


29 s 

It]. . 


21.8 

13 • 


28.6 

17 ■ 


21.S 

i 3 i 


27-4 

i 7 i . 


21.8 

14 - 


26.2 

IS 


21.8 

i 4 i.. 


25.0 

iSL 


21.8 

15 • 


23.8 

19 . 


21.S 

15I 


22.6 

I9F 


21. S 




20 . . 


21. 8 



12yrs. 13 14 15 16 17 18 19 20 21 

Fig. 3 . Basal heat production of girls per kilogram of body weight per 24 
hours referred to age. 


For adult women 21 }'ears of age and over the formula given by 
Flarris and Benedict ■*- is still recommended, that is, 

/i== +655.0955 + 9.5634TC-+ 1.8496V — 4.6756a, 

where Ii equals total heat production per 24 hours, te’ equals weight 
in kilograms, v equals stature in centimeters, and a equals age in 
years. 

At this point it becomes of interest to compare the metabolism 
measurements made on other series of girls with those of the Nutri- 

Harris and Benedict, Carnegie Inst. Wash. Pub. No. 279, 1919, p. 227. 

4 
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tion Laboratory series. The most extensive measurements with 
which we have become familiar are ( i ) the measurements of school 
children by iMiss Bedale ■*“ of the Lniversity of Glasgow; (2) an 
unpublished series on girls (ranging in age from 8 to 18 years) 
made by Professor Katharine Blunt in the Department of Home 
Economics in the Lniversity of Chicago and most generously placed 
in our hands by Professor Blunt; and (3) an extensive unpublished 
series on girls (ranging from 10 to 15 years of age) made by iliss 
Grace iMacLeod in the Department of Nutrition, Teachers College, 
Columbia University, New York City, access to which data has very- 
kindly been given to us by Hiss iMacLeod. How did the metabolism 
measurements of these girls compare with the Nutrition Laboratory- 
predictions for the total heat production referred to height and 
how did they compare with the Girl Scout measurements? 

The data for the girls measured by IMiss Bedale, as originally- 
published, are grouped in such a way that individual values do not 
appear, but Miss Bedale has very kindly sent us the individual 
data. In so doing she has likewise written us a very frank state- 
ment to the effect that there are wide variations in her data that 
she herself is quite unable to explain. On the assumption that the 
!o-z<.'cst metabolism values represent basal and that all others are 
higher than basal, we have selected from Miss Bedale's individual 
data the lowest value for each of her girls. On this basis of selec- 
tion 30 measurements are available for comparison with the predic- 
tion methods recommended. Of these selected minimum values 
only 7 can be compared with the Nutrition Laboratorv prediction 
curve for the total heat production referred to height, since most 
of her girls are over 138 centimeters in height (beyond which height 
the curve is not recommended for predictions). Of these 7 measure- 
ments 3 are above and 4 below the prediction curve. When the 
metabolism is predicted on the basis of the total heat production 
divided by the pelidisi referred to height (see Fig. 2) and also on 
the basis of the heat production per kilogram of body weight re- 
ferred to age (see Fig. 3), it is found that of the 30 selected values 
two thirds are above the predicted and one third below. To this 
comparison there are, however, two objections, which only those 
Bedale, Proc. Roy. Soc., London, 1923, Scr. B, g4, p. 368. 
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who have seen the original data could raise. In the first place, 
there are a few values in the original data that must, judging from 
all practical experience, represent either leaks in the mask or in- 
complete collection of e.xpired air which would result in an ex- 
tremely low metabolism, a metabolism that perhaps on the next 
day, under better conditions, might be nearer that normally found 
with children. If one ruled out these few very low values and 
could have available the measurements secured under correct condi- 
tions. this would tend possibly to bring above the prediction line 
some of the values now so low. In the second place, a not incon- 
siderable number of girls were measured only once in one period, 
although Miss Bedale had taken the precaution to give them some 
prior experience with the routine. All previous experience in metab- 
olism work indicates that the metabolism measured during the first 
period is apt to be high because of anxiety or apprehension, while 
subsequent periods will usually show a lower metabolism. Some of 
the values found aliove the Nutrition Laboratory prediction curve 
might on this basis be lowered and more closely approach the pre- 
dicted metabolism. This is not the place to discuss in detail iliss 
Bedale’s e.xceptionally well designed study, but these two criticisms 
would tend to raise the very low values and lower some of the high 
values, so that on the average these girls would probably have a 
metabolism not far from the predicted metabolism on the three bases 
under consideration. 

Alien we plot the data for Miss Blunt's measurements on 56 
girls on the basis of the total heat production referred to height and 
compare this chart with the curve given in Fig. i for the heat- 
height relationship noted with the Nutrition Laboratory series of 
girls, we find that the scatter of the plotted points is perceptibly 
above the Nutrition Laboratory curve, roughly speaking about 10 
per cent. Similarly, when compared with the prediction curve for 
the total heat production divided by the pelidisi referred to height 
and with the prediction curve for the heat production per kilogram 
of body weight referred to age. her values lie on the average about 
10 per cent, above the prediction curves. 

The data for Miss iMacLeod's girls cannot be compared with 
the predicted values from the heat-height relationship, since all but 
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three of her girls are over 138 centimeters in height, beyond which 
point the prediction on this basis does not go. \Mien compared 
with the predicted values involving the pelidisi. her values show the 
same picture as the Blunt data, namely, they are on the average 
about 10 per cent, higher than the predicted values. As a test 
of the method of prediction recommended for girls from 12 to 20 
years of age, namely, on the basis of the heat production per kil- 
ogram of body weight referred to age (see Fig. 3 and Table A'l.). 
we have computed average values for the metabolism per kilogram 
of bodv weight from the data placed in our hands by Aliss AlacLeod. 
With her 12-year-old girls the average of 30 observations shows that 
the heat production per kilogram of body weight per 24 hours was 
32.6 calories, a value approximately 5 per cent, higher than that pre- 
dicted from the Girl Scout smoothed curve. Her 38 measurements 
on girls 13 years of age give an average value of 31.2 calories, or 
a value about 10 per cent, above the prediction from the Girl Scout 
smoothed curve. Her 17 observ^ations on 14-year-old girls give an 
average value of 26.9 calories, which is practically identical with that 
predicted from the Girl Scout curve. 

The final outcome of these comparisons, therefore, is that the 
Bedale data, with certain criticisms taken into consideration, agree 
fairly well with the Nutrition Laboratory predictions, but that both 
the Blunt and the MacLeod series indicate a general trend of metab- 
olism about 10 per cent, higher, save that on the basis of the heat 
production per kilogram of body weight the 12-year-old group and 
the 14-vear-old group of the AlacLeod series show essentially the 
same values as the Girl Scouts. It is chiefly in the age range from 
8 to 18 years that the data of these two investigators can be com- 
pared with the Nutrition Laboratory series, and the greater portion 
of this age period with the Nutrition Laboratory series is represented 
by the Girl Scout data, which have been considered by a number 
of writers as too low. The straight line pelidisi relationship for 
the entire age range represented by the Nutrition Laboratory series 
makes it difficult, however, to conceive that the Girl Scout data are 
too low for basal measurements. As has already been pointed out, 
it may be argued that the Girl Scouts were measured during deep 
sleep and hence their basal metabolism measurements may be low. 
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But from the fact that in this straight line pelidisi relationship the 
data for the adult women represent measurements obtained in 
practically all cases when the women were awake and that the girls 
younger than 12 years (studied in the respiration chamber by 
Benedict and Talbot j represent e'paal groupings above and belo'.v 
the central line of those who were awake and those who were asleep, 
it is difficult to assume that sleep alone can account for the dis- 
crepancy between the Nutrition Laboratory series and the iMacLeod 
and Blunt series. Tliis straight line function, therefore, when the 
pelidisi is brought into consideration, has rather an important bear- 
ing in throwing light upon the question as to the legality of using 
the Girl Scout data. If the Girl Scout data are too low and must 
be raised, then obviously the straight line function ceases, and in this 
discussion one must bear in mind that we are considering the straight 
line function chiefly as a physiological relationship extending over 
a period from 3 months to old age, rather than perhaps as the most 
ideal prediction method. 

On the basis of this straight line function with reference to the 
pelidisi. therefore, we are forced to the belief that there was some 
factor entering into the measurements of the IMacLeod and Blunt 
groups that tended to increase their l^asal metabolism. A personal 
visit to each of these laboratories has convinced the writer that the 
technicpie of both investigators is all that could be desired, and it 
is quite clear that we cannot e.Kplain this difference on the basis of a 
systematic error. The method of testing the apparatus for tightness 
by placing a weight upon the spirometer before the experiment be- 
gins, and particularly the method of testing the apparatus for leaks 
during the experiment by placing a weight on the sjuroineter when 
the experiment is half finished, rules out any possibility of a leak, 
although it is necessary to jioint out that a leak in the apparatus, if 
it existed, would invariably increase the apparent absorption of 
oxygen and thus explain in part this discrepancy. The writer does 
not believe that either of these apparatus leaked or that the inves- 
tigators’ technique was in any way at fault. 

All conceivable explanations for the discrepancy between the 
Nutrition Laboratory measurements and the Chicago and New York 
measurements have been carefully gone over with Professor Blunt 
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and ]Miss ^^lacLeod, and the influence of a hitherto disregarded 
factor appeared to be possible. The girls studied by the Nutrition 
Laboratory, particularly the Girl Scouts, were measured after hav- 
ing been in bed for many hours while they were warm, quiescent, 
and in the case of the Girl Scouts in deep sleep. The girls studied 
by iMiss Blunt and !Miss iNIacLeod had to leave their homes and 
go to the respective laboratories (in many instances, it is true, not 
great distances), which may have involved more or less stair climb- 
ing. They then lay down upon a couch the prescribed length of 
time, I.C., half an hour before the beginning of the experiment. 
Miss Bedale’s girls, on the other hand, were measured more in con- 
formity with the Nutrition Laboratory Girl Scout series, that is, 
they were studied in a school dormitory and the apparatus was 
taken to the bedside. The children were therefore warm and 
thoroughly relaxed, and did not have to get up, dress themselves, 
wash, go outdoors in possibly inclement weather, and then ascend 
the stairs in another building, all prior to the metabolism experi- 
ment, The possible influence of this activity between the hour of 
arising in the morning and the beginning of the metabolism experi- 
ment has heretofore been entirely ignored. Whether the effect is 
proportional to the temperature outdoors or the inclemency of the 
weather, the distance walked or the condition of the terrain, is 
very difficult to state with the present data at hand. We have gone 
over' an extensive series of data with a subject who has come to the 
Nutrition Laboratory morning after morning for many years. We 
have drawn oft' the data for those days when the walking was very 
bad, the temperature low, and the wind severe, and frankly, we 
cannot find anything in the data from this one adult to confirm this 
suggested possible explanation of the dift'erence in the metabolism 
measurements of the several series of girls. .A further source of 
perple.xity is the fact that the 14-year-old group of girls studied by 
Miss MacLeod give an average value for the heat production per kil- 
ogram of body weight which is practically identical with that pre- 
dicted from the Girl .Scout curve (see Fig. 3), while the 12-year-old 
girls give an average value only 5 per cent, above, though the 
rather large 13-year-old group show definitely a metabolism 10 per 
cent, above the Nutrition Laboratory series. 

As stated elsewhere in this paper, one of the most important 
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features in the measurement of basal metabolism is the comparison 
of the metabolism of a pathological case with what is supposedly 
normal. If. therefore, a girl is measured under ordinary conditions 
in the clinic or doctor's office, where prior to the measurements she 
has had to go through the exercise involved in arising, dressing, 
and getting to the laboratory, and if under these conditions she has 
a metabolism that is lo per cent, above the Xutrition Laboratory 
standard, it is quite clear that, based upon the Chicago and Xew 
York work, this can be wholly disregarded. What is to be the case 
if the girl shows a metabolism 15 or 20 per cent, above? Certainly 
no one would justify a diagnosis of an abnormal metabolism on this 
basis. The satisfactory procedure would be to have the girl spend 
the night in the hospital or. indeed, her home and measure her metab- 
olism in the morning immediately before arising.^'* On the other 
hand, if the metabolism is found to be appreciably lower than the 
Xutrition Laboratory standard under the conditions outlined above, 
it is quite likel\' that one is dealing with a girl who is somewhat below 
par. In clinical measurements, when the subject comes to the office 
after a walk or after the general activities incidental to getting up, 
dressing, etc., the metabolism may be distinctly higher than that 
measured in bed when the subject is quiet and asleep, under which 
latter condition more nearly the true basal value would be obtained. 
Our recommendation would be, therefore, that in such measurements 
as are made in the office or the clinical laboratory in the hospital 
one must recognize the possibility of a difference in metabolism. 

In these predictions it is obvious that the correlation between 
height, weight, and age (which is normally found with children) 
obtains. It is quite clear that with children of excessive weight, 
with marked obesity, the prediction curve involving only height will 
not predict what is actually found. It is again to be questioned 
whether such children do not come under the head of pathological 
cases. The X'utrition Laboratory has maintained that the basal 

With the new student form of respiration apparatus (described by 
Benedict and Benedict, Boston Med. and Siirg. Joiini., 1923, iSS, p. 567) the 
procedure is tlioroughly practical, as the apparatus is completely portable, 
needing only to be supplemented by a small cylinder of oxygen. 

This factor should be immediately investigated and reported by as 
many as possible of the army of clinicians now equipped with the newer 
forms of respiration apparatus. 
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metabolism of the normal child is first to be known and should be 
the standard of reference for all others. If allowances are to be 
made for excessive weight or for decreased weight, such allowances 
can come later with a better understanding of the subject. Conse- 
quently, while we freely admit that other methods of prediction may 
be (for the time being, at least) of more help to the clinician and 
more practical from his standpoint, we still feel that the closest 
approximation to the real basal metabolism is that which should be 
reported. Hence in this connection we have given our recommenda- 
tions for the closest approximation to basal, frankly stating that, 
if girls are found to be lo per cent, above this standard, the work 
in the New York and Chicago laboratories definitely proves that, 
measured under the conditions ordinarily obtaining, this increase 
of lo per cent, is without any significance whatsoever. If the in- 
crease is found to be 20 per cent, above basal, before concluding 
that the metabolism represents a pathological condition, the child 
should be studied after a night’s repose in bed. 

Summary. 

Based upon an analysis of the Nutrition Laboratory series of 
measurements of infants, young children. Girl Scouts, and adult 
women, it is found that a most important factor correlating with 
basal metabolism measurements is height. The importance of in- 
troducing some index of the state of nutrition, such as Pirquet’s peli- 
disi, and the fact that the total 24-hour basal heat production divided 
by the pelidisi referred to height shows a straight line relationship 
from 3 months to adult life further justifies the emphasis laid upon 
the height element in basal metabolism predictions. For new-born 
infants, both males and females, from i/N to 6 days old it is recom- 
mended that the formula involving length, previously published b}' 
Benedict and Talbot, be employed in predicting the metabolism. 
For girls from i week to 12 years of age a new method of predic- 
tion involving height alone is recommended. From 12 to 20 years 
of age the metabolismi of girls may at present be best predicted from 
the curve based upon a series of experiments with Girl Scouts, 
showing the heat production per kilogram of body weight per 24 
hours referred to age. For adult women 21 years and over the 
formula of Harris and Benedict for women, involving age, weight, 
and height, is retained. 
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FOURTH PAPER. 

By CHARLES F. BRUSH. 

(Read Arril 26, 1924.) 

The writer outlined “ A Kinetic Theorv of Gravitation ’’ before 
the American Association For The Advancement of Science in 
December, 1910.’- Since that time he has presented several papers 
on the subject of gravitation,- the last one at the general meeting of 
this Society in April. 19^3. 

That paper was chiefly descriptive of apparatus and method for 
comparing the velocities of freely falling bodies in two aluminum 
containers, alike in size, shape, and smoothness of surface, and 
dropped simultaneously, side by side, through exactly the same 
distance (about 122 cm.'). The description was freely illustrated 
with plates and diagrams. 

Each container, at the end of its journey, breaks an electric cir- 
cuit. But the breaks of both containers are in series in the same 
circuit, so that the break which occurs first produces a bright spark, 
while the belated break gives no spark because its circuit is already 
open. 

M’hen the containers are equally loaded with the same metal, there 
is no visible spark at either break or a very feeble spark at one or 
the other indifferently. But when they tire equally loaded with 
certain different metals, one container persistently produces a bright 
spark, though the containers are always reversed in position for 
each trial. From this it seems clear that the container giving the 
spark falls a little faster than the other. This sparking condition is 
clearly manifested when the faster container reaches the end of its 
free path as little as .0125 mm. (.0005 inchl in advance of its neigh- 
bor. This indicates a time difference about 1/ 400,000 second. 
( During their half second of falling the containers acquire a velocity 
about 4900 cm. per second). 

'^Science, Alarch 10, igii; Nature, Harch 23, igti. 

-Proc. Am. Phil. Soc., Vol. LIIL, Ko. 213. January- May, 1914; Vol. LX., 
No 2, IQ2I ; Vo!. LXL, No. 3, 1922; Vol. LXIL, No. 3, 1923. 
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Some of the metals show very many times greater dift’erence in 
falling velocities than the near minimum indicated above (about 
I /loo.ooo) and the paper referred to describes a method of ap- 
proximate measurement of the lag of the slower container. 

Following the presentation of the last paper referred to, many 
comparisons of metals and other substances were made with every 
precaution that could be thought of to avoid error, and in the light 
of much experience with the apparatus. The general results are 
embodied in the Table of Relative Falling \'elocities " herewith. 

Table of Relative Falling Velocities. 

Fast. Platinum. 

Gold coin. Tungsten forged. Lead. 


Bismuth. 
Zinc, Tin. 


Aluminum. Alagnesium, Carbon. Silicon, Boron, Water. 

f 


Sluza. Sulphur. Selenium. 

The spacing of the lines indicates approximately the relative veloc- 
ity dift'erence.s found. Diflferences. if any, between substances ar- 
ranged in the same line were too small to be appreciable. 

The observed difference in the falling velocities of platinum and 
sulphur ('lag of the sulphur') is approximately .02 cm. in the 122 
cm. of fall; or about i part in 6000. 

The quantitative value of zinc in the table is somewhat uncertain, 
for reasons indicated in former papers, and later in the present paper. 
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It seems significant that the fast-falling metals, platinum, gold, 
tungsten and lead all have high atomic weight, and density. Lead, 
though less dense than the others, has higher atomic weight. Yet 
bismuth, with virtually the same atomic weight as lead, and little 
less density, is considerably slower. 

IMuch lower dow n in the scale of velocities we find the elements of 
comparatively very low atomic weights and small densities, alumi- 
num, magnesium, carbon, silicon, boron (and water) with no ap- 
preciable difference in behavior. This also seems significant. 

Sulphur and selenium are in a class bv themselves, being much 
slower than the light elements last referred to. iMuch care was 
taken to make sure of this. They were always melted in their con- 
tainers, and each was checked repeatedly, and very satisfactorily, 
with aluminum and carbon. 

It was rather expected that tellurium ( also melted in its container! 
would, on account of its chemical similarity, behave much like sul- 
phur and selenium. But it did nothing of the sort. On the contrary 
it behaved very much like zinc and tin. Probably this was due to its 
comparatively high atomic weight and density. This again seems 
significant. 

In general then, it appears that the metals of very high atomic 
weight and great density have the highest falling velocities. And 
elements of very low atomic weight and small density have the 
lowest falling velocities ; while elements of intermediate atomic 
weights and densities (zinc, tin and tellurium) have intermediate 
falling velocities or mass-weight ratios. 

Allotropic condition seems not to affect mass-weight ratio. Thus. 
Acheson graphite and electric light carbon showed no difference in 
falling velocities. And the same was true of ordinary yellow sulphur 
and its gutta percha-like modification obtained by melting at a much 
higher temperature ; though much heat energy- must have been ab- 
sorbed and rendered latent during the change. 

In a former paper it was shown that “ fusible alloy behaved the 
same as its constituent metals mixed but not alloyed. 

Only one experiment has been made involving chemical combi- 
nation. Lead sulphide (galena! was found a little slower than 
metallic lead. As nearly as could be estimated, it behaved like a 
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mixture of lead and sulphur in the proper proportions to form the 
sulphide. Apparently, in this case, chemical combination does not 
affect mass-weig'ht ratio. The writer thinks this is probably true 
as a general proposition, though of course a single isolated experi- 
ment is but a small step toward establishing it. 

In the hope that some close relationship might be found between 
the observed falling-velocities of the elements tested, and their 
physical or chemical properties or combinations of properties, a 
table of all the common elements was prepared, arranged in the 
order of their densities. In parallel columns were placed the corre- 
sponding atomic weights, atomic numbers, specific heats and thermal 
conductivities both in terms of weight and volume. But a careful 
study of this Table failed to shed any new light on the subject. 

It was thought that something of value might be learned by com- 
paring the transparency ( or opacity) to very hard X-rays of equal 
weight-thicknesses of some elements. To this end discs or cylinders 
of 24 elements, including all those shown in the Table except boron, 
were prepared of thicknesses inversely proportional to their densities ; 
so that the X-rays must pass through equal weights of the several 
elements before reaching the photographic plate below them. Thus 
the platinum disc was only .117 cm. thick, while the magnesium 
cylinder was 1.439 cin. high. All were mounted in a circle of holes 
in an aluminum plate or carrier, placed directly over the photo- 
graphic plate with only the usual orange and black papers interven- 
ing. The photographic plate was backed by a thick lead plate, and 
the whole outfit was revolved in a horizontal plane by clockwork, 
around the center of the circle of specimens ; thus securing equal 
e.xposure to all. Several revolutions were made during an e.xposure. 

The hard X-rays were furnished by a Coolidge tube with tungs- 
ten target, and excited bj- 200 Kv. The target w'as placed i meter 
above the photographic plate, and the rays were filtered through a 
3/4 mm. copper plate and an aluminum plate. 15 or 20 seconds 
exposure was found suitable. 

Prints from the negatives were made through a wide range of 
exposures under a tungsten lamp, while the negatives were revolved 
as before, to secure uniform exposure. 

The prints are beautiful and extremely interesting in several ways ; 
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but while they show strong contrast between the platinum and 
aluminum groups, they do not disclose anything more specific. 


Toward the close of last year’s paper the writer cited reasons for 
believing that the mass-weight ratios of some metals, particularly 
bismuth and zinc, are not constant, but vary slightly with physical 
condition. In other words, that a constant mass, or quantity of 
metal may be appreciably changed in weight by changing its physical 
condition. 

The writer has been earnestly at work on this problem for six 
months or more, and occasionally long prior to that, principally 
endeavoring to find a practicable method of attack; and has so far 
succeeded as to leave very little room for doubt that actual weight 
changes are being effected. The observed effects, though small, are 
several times larger than the probable experimental error. 

The best method of procedure thus far found consists in certain 
heat-treatments of the metal, to bring about a definite molecular 
condition, before the first weighing. This is essential. After weigh- 
ing, the metal is subjected to more or less drastic mechanical treat- 
ment, usually in several stages, with occasional periods of rest to 
permit the spontaneous changes which sometimes occur, and re- 
weighed after each stage of treatment. The treatments are so con- 
ducted as to preclude any loss or gain of substance. 

The refinements of weighing and precautions against error, de- 
veloped through manv years of experience in refined weighing, will 
not be detailed here but reserved for a future paper, after this fasci- 
nating subject of weight-change has been more fully exploited. 

Clevel-\xd, Ohio. 

-April, 1924. 



THE A^AIEXDIXG PROVISIOX OF THE FEDERAL COX- 
STITL'TIOX IX PRACTICE. 

By HERMAN V. A^IES. 

(Read April 24, 1924.) 

The constitutional developments during the last decade have di- 
rected more attention to the amending process of the Federal Consti- 
tution than at any time since the adoption of the three reconstruction 
amendments, during the years 1S65-1870. 

The successive addition of four amendments, the sixteenth to 
the nineteenth, within a period of scarcely more than ten years 
(1909-20), after an interval of some forty, during which no amend- 
ments had been secured, in itself is sufficient to challenge attention. 
But when we consider the fact that at least three of these four 
amendments have affected profoundly the private and public life of 
the people, and recall the agitation accompanying their proposal and 
ratification, as well as the difficulties encountered in enforcing the 
eighteenth amendment and the laws made in pursuance thereof, we 
begin to realize some of the factors that have combined to make the 
subject of the amending power a problem of vital interest. 

Aloreover, several important constitutional eptestions of proced- 
ure in connection with these recent amendments, especially the eight- 
eenth and nineteenth, have been judicially determined by the fed- 
eral .Supreme Court, and this has led to attention being focused on 
the provisions of Article A’. This Article, it will be recalled, provides 
that am.endnients may be proposed either by a two-thirds vote of 
both Houses of Congress or by a Convention called upon the appli- 
cation of two thirds of the state legislatures, which in either case 
shall be valid when ratified by the legislatures of or by Conventions 
in three fourths of the several states, as Congress may direct. 

It is a noteworthy fact that only the first method of proposing 
amendments has been used, and that Congress always has prescribed 
the method of ratification by the state legislatures.^ 

'Ames, “Proposed Amendments,” ago. (See note 2.) 
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review of our history since the Constitution went into force 
shows that although the number of amendments actually effected 
have been few, only nineteen, there has been no lack of effort to 
secure many others. 

A study made by the speaker many years ago. of the attempts 
to amend the Constitution during the first century of its history, 
revealed the fact that over thirteen hundred distinct resolutions, pro- 
posing over nineteen hundred amendments, had been presented in 
Congress.- Dr. Jacob Tanger, formerly a graduate student at the 
University of Pennsylvania, now connected with the Faculty of 
Pennsylvania State College, at my suggestion undertook a similar 
study of the period since iMarch 4, 18S9. He has completed a sur- 
vey of the records to i\Iarch 4. 1923. I am indebted to him for the 
statistics for the period." In these thirty-four years over eleven 
hundred resolutions had been proposed, suggesting over sixteen 
hundred amendments, or a total for a century and one third, of more 
than thirty-five hundred amendments. The small chance of success 
doubtless has prevented the number being even larger. 

As is familiar to all, only fifteen amendments were secured dur- 
ing the first century of our history under the Constitution, the first 
ten coming so soon after the adoption of the Constitution as to be 
practically contemporary with it. The eleventh and twelfth were 

On a few occasions during the first century of the history of the Con- 
stitution efforts were made to secure the calling of a Constitutional Convention 
to propose amendments, notably, just before and during the Civil War period, 
and on two occasions thereafter, A review of the efforts to call a convention 
to propose amendments and al.so the resolutions to cause their submission to 
conventions in the states instead of to the legislatures to i88g will be found in 
Ames, '■ Proposed Amendments," 281-^84, 286-287, 

In more recent years six states, chiefiy Western, have memorialized Con- 
gress for such a general convention, while a number of others have requested 
the calling of such a body to propose an amendiiieiit on some particular subject. 
Some individuals or political groups that wished a fundamental revision of the 
Constitution, as the Socialist Party, have also advocated a general convention 

- Herman V. Ames, " The Proposed Amendments to the Constitution of 
the United States during the First Century of its History," Annual Reports 
of the American Historical Association for 1896, \ ol. II.. pp. 442 , Wash- 
ington, 1897. 

“Monograph not let published, also J. Tanger, ‘‘Amending Procedure of 
the Federal Constitution," Aiiiciicun Political Science Rcz'iczi', X., 689-699. 
Alichael Angelo IMussnian, ‘‘ Is the Amendment Process too Difficult? " Azner- 
ican Late Rcficic, LVII., 694-705. 
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added within the next few years. Thus, the first twelve were secured 
in the first fifteen years or by 1804. X’o further amendments were 
obtained during the succeeding sixty years when the thirteenth, four- 
teenth and fifteenth were adopted in the five years from 1865 to 
1870. registering the results of the war. 

Then ensued a period of over forty years before another amend- 
ment was adopted, but in the following decade. 1909—20, the last four 
amendments, the sixteenth to nineteenth, were ratified. 

Congress proposed four other amendments that were not ratified, 
two in 1789, one in regard to the apportionment of representatives 
and one relative to compensation of members of Congress. The 
third, prohibiting the acceptance of titles of nobility, was referred to 
the state legislatures in 1810 and the fourth proposal in 1861 was in- 
tended to prevent the secession of the Southern States, prohibiting 
any amendment abolishing or interfering with slavery within any 
state. Two of these four, the first and the third mentioned, only 
lacked the ratification of the legislature of one state to have secured 
their adoption.^ 

In addition to the above, eighteen other proposals were approved 
by one branch of Congress during the first century, nine in the Sen- 
ate and nine in the House. ^ During the first third of the second 
century under the Constitution. Dr. Tanger's examination shows that 
fourteen have passed one branch of Congress, an equal number in 
the House and Senate. 

Thus, during the entire period of one hundred and thirty-four 
years, to iMarch 4. 1923. thirty-two resolutions proposing amend- 
ments have passed one branch of Congress and failed of submission 
through the lack of the necessary approval of the other legislative 
chamber. 

In the present Congress one other resolution, proposed by the 
Senate in 1923, has again been endorsed by the same body and has 
received a favorable report from the House Committee. This pro- 
vides for a change in the date for the convening of Congress, and 
the inauguration of President and Vice-President to the first and 
third Mondays in January, respectively, following the elections.® 

* Ames, “ Proposed Amendments,” 34, 43, 44, 186-189, I95-I97, 200. 

“Ibid., 300. 

“Vote of 63 to 6, February 13, 1923; Senate Report, No. 933, M. A. 
Mussman, American Political Science Rez'iciiC, XVIII., 115-118. 
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It is quite possible that this may become the twentieth amend- 
ment, as there is little or no opposition to the proposed change, which 
is regarded generally as most desirable for reasons that are so obvi- 
ous that time will not be taken to enumerate them.' Another amend- 
ment which was endorsed by the House last year provided for the 
taxation of state and federal securities.® 

A review of the proposals made to amend the Constitution dur- 
ing the first third of its second century is ver}- illuminating. iMany 
of these, like those of the first century, reflect contemporary prob- 
lems and serve as indices to some of the leading issues of the day. 
Many others are similar to those presented in the earlier period, and 
are indicative of the popular dissatisfaction with certain features of 
the Constitution and the recurrence or persistence in the demand for 
their change. 

Typical of this class are proposals to change the method of elect- 
ing the President and the \'ice-President, and especially the direct 
election of Senators by the electors. This latter amendment was 
first proposed in 1S26. It was renewed from time to time in each 
of the following decades until 1872. Subsequent to that date scarcely 
a session of Congress passed without its being urged. In the period 
of eighty-six years since its first introduction it was proposed 
nearly two hundred times (198). Five times it passed the House, 
beginning w'ith the fifty-second Congress, only to be blocked in 
the Senate, but finally, in response to the popular demand, the 
Senate yielded in 1912 and the ratification of the seventeenth 
amendment followed the next year.“ 

^'arious other proposals to change the form of the government 
in some of its features have been presented, but by far the most 
numerous amendments suggested related to the powers of the Fed- 
eral Government, chieflv efforts to extend its scope, the sixteenth, 
eighteenth, and nineteenth amendments being the successful ones. 

In consequence of the adoption of these recent amendments, a de- 
cided impetus has been given to the attempts to obtain still further 

‘ Ibid. 

Congressional Record, 67th Congress, 4th Session, 704, 70g-72g, 2253- 
2284. 

Ames 61, 62. 

'January 23, 1923. 

“Tanger, American Political Science Ret'iezi', X., 696-698. 
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changes in the Constitution. Thus in the last Congress, the si.xty- 
seventh Congress, one hundred and three joint resolutions were in- 
troduced on over two score different subjects (44). ten of these to 
change the method of amendment.^'* In the opening days of the 
present Congress, last December, fifty-nine proposed amendments 
were presented, Many of these relate to new problems sug- 
gested for example by conditions arising out of the recent war, the 
development of trusts and monopolies, as well as many relating to a 
variety of financial, commercial, territorial and miscellaneous mat- 
ters. 

The decision of the United States Supreme Court pronouncing 
certain laws unconstitutional has led to various proposals to regulate 
the exercise of this power by the Judiciary. The decision of the 
Supreme Court in 1922 declaring the Child Labor Law of February 
24, 1919, unconstitutional “ led to the immediate introduction into 
the Congress then in session of over a score of joint resolutions to 
confer the power in question on Congress. At the opening of the 
present session of Congress seventeen similar proposals were intro- 
duced and it is highly probable that Congress will submit such a pro- 
posed amendment to the State Legislatures for ratification in the 
near future.* 

It is rather surprising, in view of the large number of amend- 
ments introduced in Congress and the few secured during the first 
century, that no suggestion was made to change the method of 
amendment until three Cjuarters of the century had passed; it was not 
until the Civil War period that the first was presented. In 1864 a 
resolution was proposed for the reduction of the majorities required 
both for the proposal and ratification of amendments.^“ 

Conyrcssional Digest, March, 1923, 172. 

^'^Congressional Record to December 15, 1923. 

’^For an enumeration of the^e proposals .see Congressional Digest, March, 
1923, 172; The American Political Science Reviezv, XVIII., 88-91. 

“For a review of the proposed amendments to curb the power of the 
courts see Congressional Digest, June, 1923, 271. 

Child Labor Tax Case, 259, U. S. 20. 

* Since this was written Congress, on June 2, 1924, has submitted to the 
legislatures of the States the following proposal : “ The Congress shall have 
power to limit, regulate and prohibit the labor of persons under eighteen years 
of age.” 

“ Ames, 292-293. 
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At the time the joint resolutions which later became the four- 
teenth and fifteenth amendments were pending, several members of 
the Democratic Party attempted to require their submission to legis- 
latures of which at least its most popular branch must have been 
elected subsecpient to the submission of the amendment. A similar 
provision was revived in 1882.^“ These foreshadowed some of the 
proposals of the present day. 

Only a few other suggestions to alter Article V. were presented 
during the last quarter of the first century. Senator Morton (1882) 
brought forward a resolution to prescribe rules to be followed by the 
legislatures when acting on amendment proposals.^' Two others are 
noteworthy as proposing the ratification of amendments by the vote 
of the people instead of the legislatures, thus anticipating the refer- 
endum system urged so frequently in recent years. 

While few formal proposals were made in Congress to change 
the method prescribed for amending the Constitution prior to the 
opening of the present century, there was a growing opinion among 
jurists and publicists during the closing years of the nineteenth cen- 
tury that the amending process was too difficult. Even at a much 
earlier day Chief Justice Marshall had characterized the machinery 
for amending the Constitution as “ unwieldy and cumbrous." 

M’oodrow Wilson, in his first important work. ‘‘ Congressional 
Government." published in 1885, wrote: “ It would seem that no im- 
pulse short of the impulse of self-preservation, no force less than the 
force of revolution, can nowadays be expected to move the cumbrous 
machinery of Article Yet later, while President, he was to 

witness four amendments adopted without any upheaval through the 
normal working of the provisions of this .Vrticle. 

-V speaker at the meeting of the American Bar Association in 
1907 even went farther when he declared that “ if the Constitution 
is to be changed it must be done in the manner in which the instru- 
ment prescribes," which is “ to say that it shall not be changed at 

“Ibid., 288-290; Senator Ashurst reviewed some of these early attempts, 
Congressional Record, 67th Congress, 4th Session, 349S-3502. 

” Ibid., 290-291. 

“ Ibid., 293-294. 

“ Baron I’s’. Baltimore, 7 Peters 761. 

“ “ Congressional Government,” 242-243. 
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all, for we are taught by a century of our history that the Consti- 
tution can no longer be amended,” and so it seemed to many other 
jurists and historical students.-^ 

To cite one other instance, I quote the words of the late Justice 
William P. Potter of the Supreme Court of Pennsylvania, contained 
in an address he delivered in 1909. “ The expectation of the Fathers 
of the Republic that the method of amendment which they provided 
would be satisfactory has not been fulfilled,” therefore, he thought 
it was “ time for the American people seriously to consider the adop- 
tion of an easier process of altering or amending the Constitution.” 
To this end he advocated the adoption of the system in practice in 
many of the states, namely that an amendment might be proposed by 
a majority vote of both houses of Congress and ratified by a major- 
ity of the qualified voters in a majortiy of the states. -- 

Several other proposals have been suggested by such eminent 
political scientists as Professors J. W. Burgess and Munroe Smith, 
designed to effect an easier method of amendment, for the details 
of which I must refer those interested to their published works.'® 
Their plans are cited here simply to indicate that in the opinion of 
these distinguished experts a workable amending provision is of 
great importance. 

The demand for an easier process of amendment found frequent 
expression in Congress in the years subsequent to 1909. Indeed, Dr. 
Tanger notes that since 1898 over two score joint resolutions have 
been introduced embodying some sixty changes in Article AC Down 
to 1919 the greater number of the changes sought aimed to secure an 
easier method of proposing amendments, some even providing for 
some form of popular initiative, as well as for a simpler method of 
ratification. 

Typical of this class are the proposals advocated by Senator 
Cummins and LaFollette in 1913.®’^ The latter’s resolutions pro- 

~ Quoted in Unii’crsity of Pennsylvania Law Review’, LVII , 589. 

" Ibid. 

^ Burgess, “ Political Science and Comparative Constitutional Law,” I., 
150-154 (1890); Munroe Smith, “Shall We Make Our Constitutions Flex- 
ible,” 194, North American Reviezv, 657. 

^Congressional Record, 63d Congress, 2d Session, 1500, 1628, 5575; Sen- 
ate Report, No. 147, Tanger, Opus cit., 699; W. F. Dodd, “Amending the 
Federal Constitution,” Yale Law Journal (February-, 1921), XXX., 351-352. 
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Vided that amendments might be proposed in three different ways, 
either by a majority vote of both Houses of Congress, or on the ap- 
plication of the legislatures of ten states, or finally, on the applica- 
tion of ten states through the vote of a majority of the electors of 
each voting on the question. The proposals were to be submitted to 
the voters of the several states at the next ensuing election of Repre- 
sentatives, the same to be ratified if in a majority of the states a 
majority of the electors voting thereon approved. 

Senator Owen repeatedly has proposed an even more varied plan 
for the initiation of amendments, coupled with a referendum to the 
voters, the amendment to be ratified if it secured a majority' of the 
votes of those voting on the measure and also a majority of the votes 
of the congressional districts.'^ 

A review of the facts shows that the ratification of amendments 
has been far less difficult than to effect their submission to the states. 
As already pointed out. only four of those submitted by Congress 
failed of ratification. Of those ratified, sixteen of the nineteen were 
ratified within fifteen months or less, the eleventh, fourteenth and 
sixteenth in a period from about two years to slightly less than four 
years. In one hundred and twenty-five years, or since i8io. only 
one amendment proposed by Congress failed of ratification and that 
was the amendment submitted in i86i for the preservation of 
slavery. On the other hand, thirty-two resolutions, after passing one 
house, failed of submission owing to the lack of approval by the other 
branch of Congress. 

The responsibility for the paucity of amendment is not due pri- 
marily to the lack of action by the states. The ease and speed with 
which the eighteenth and nineteenth amendments were secured has 
led to the belief since 1919 that the process of ratifying amendments 
is too easv, and in consequence the numerous proposals to change the 
provisions for securing amendments have placed the emphasis on the 
method of ratification. The proposals recently presented in general 
have aimed to prevent an amendment being ratified that does not 
have the prior approval of the people. 

The shock that the Prohibition and Women’s Suffrage amend- 
ments have given to the advocates of local autonomy has led them to 
advocate greater popular control in ratification, hence some form of 

® Cong. Record, 66 th Cong., ist Sess., 5700. 



70 


AMES— AMENDING PROVISION OF 


referendum is provided for, as in the resolution submitted by Sen- 
ators Brandegee and Walsh, or in the Wadsworth-Garrett proposal. 
The undemocratic nature of the existing method of ratification 
is now being dwelt upon. Some interesting statistics of the member- 
ship of the state legislatures have been compiled with a view of show- 
ing how small a number of legislators can control a majority in 
both branches of the legislatures of thirty-six states, or the three 
fourths majority necessary to ratify an amendment. These figures 
demonstrate that it is theoretically possible for 673 state senators 
and 1,643 representatives, or a total of 2.316 legislators, to do so. 
although this might be less than 32 per cent, of the total number of 
legislators in the forty-eight states. Further, it is shown that it 
would require only 167 votes in the Senates of thirteen of certain of 
the smaller states to prevent the repeal of an amendment.-® 

The proposal of Senator Brandegee which has been reported fa- 
vorably twice from the Senate Committee of the Judiciary in recent 
Congresses leaves it optional with Congress to prescribe a third 
method of ratification, namely by the electors in three fourths of the 
states.-' 

The \\’adsworth-Garrett plan, introduced both in the last and 
present Congress, has received much popular indorsement. Among 
other provisions it requires that the members of at least one House 
in each of the legislatures which may ratify shall be elected after the 
amendment has been proposed and further permits any state to re- 
quire that ratification by the legislature be subject to confirmation by 
a popular vote.-' 

Senator Walsh’s resolution, which recently has been reported fa- 
vorably by the Senate Committee on the Judiciary as a substitute for 
the Wadsworth-Garrett plan, makes a referendum mandatory.-® 
Both the legislatures of Louisiana (1920) and Texas (1924) have 
memorialized Congress to call a constitutional convention for the 
purpose of amending the Constitution so as to insure the submission 
of all amendments to the qualified voters.®® 

^ Cong. Record, 67th Cong., 4th .Scss., 5387-3388. 

“ Cong. Record, 66th Cong., ist Sess., 5696-5700. 

* Cong. Record, 67th Cong., 4th Sess., 2713, 5388. Hearing before the 
Subcommittee on the Judiciary of the Senate, Jan. 16, 1923, 16-17. 

“Jan. 20, 1924, 68th Cong, ist Sess., Semite Re forts. No. 5, 6. 

^ Cong. Record, 66th Cong., 3d Sess, 31; Ibid, 68th Cong., ist Se.ss. (In- 
dex. Texas). 
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This survey of the amending provisions in practice would be in- 
complete without a brief discussion of the more important of the de- 
cisions which the Supreme Court of the United States has been 
called upon to render since 1920, relating to several questions of 
procedure followed in the submission and ratification of amend- 
ments. These decisions have been given chiefly in connection with 
a series of cases growing out of attempts to have the eighteenth 
amendment declared void for alleged irregtdarities in some phase 
of the procedure followed. 

In the National Prohibition Cases in 1920 the Court held that 
the two-thirds vote in each house of Congress, which is required to 
propose an amendment, is a vote of two thirds of the members pres- 
ent — assuming the presence of a quorum — and not as contended a 
two-thirds vote of the entire membership present and absent. This 
decision was in harmony with the precedent established by Congress 
since early days, although it does not appear previously to have been 
determined judicially. 

With the extension of the system of the referendum in the states 
on state laws and constitutions it was quite natural that the attempt 
should be made to render the same applicable to amendments to the 
Federal Constitution. In several states it has been held by State 
Courts that state referenda might be made applicable also to the fed- 
eral amending process. 

Ohio, however, is the only state having a constitutional provision 
explicitly requiring it, effected by an amendment to the Ohio Consti- 
tution in 1918. The validity of this requirement was considered in 
the case of Hawke z-s. Smith, decided in 1920.“- After an able dis- 
cussion of the question of what con.stitutes the legislature of a state, 
the Court pronounced " the function of a State Legislature in rat- 
ifying a proposed amendment to the Federal Constitution ’’ as “ a 
federal function derived not from the people of that state, but from 
the Federal Constitution.” Ratification therefore, “ by the legis- 
lature of a state, is not an act of legislation, it is but an expression 

' 253 U, S. 350. For a review of the Briefs presented in this and some of 
the following cases, see Dodd, Yule Laiu Journal, XXX., 321-354. 

^“253 U. S. 221. J. I. Burnett, “From State to Federal Referendum,” 
American Laze Rez'icze, LV., 201-217 (1921); W. H. Taft, “Can Ratification 
of an Amendment to the Constitution be ilade to Depend on a Referendum," 
I ale Lazv Journal, XXIX., S21. 
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of the assent of the state to the proposed amendment.” The Court 
therefore held “ the provision of the Ohio Constitution requiring a 
referendum as inconsistent with the Constitution of the United 
States.” It would appear that the decision in this case prompted the 
introduction of the Wadsworth-Garrett amendment, already re- 
ferred to. which would constitutionalize the referendum system. 

In consequence of the ruling of the Court in the case of Hawke 
z's. Smith it is clear that the provisions of some of the other State 
Constitutions imposing limitations or conditions on the amending 
process, not found in the Federal Constitution, are ineffective. This 
would apply to the clauses in the Tennessee and Florida Constitu- 
tions that prohibit any convention or legislature of the state to act 
on any Federal Amendment unless such convention or legislature 
was elected subsequent to the submission of the amendment. As a 
matter of fact, the legislature of Tennessee ratified the nineteenth 
amendment without observing the aforesaid limitation of the State 
Constitution. 

A further attempt was made to test the validity of the eight- 
eenth amendment because of the provision in its third section re- 
quiring ratification within seven years from the date of its submis- 
sion. This was the only instance where a definite period for rat- 
ification had been fixed. The opinion of the Supreme Court in 1921 
in the case of Dillon I's. Glass held that the question of “ whether 
a definite period for ratification shall be fixed or not was ... a 
matter of detail which Congress may determine as incident to its 
power to designate the mode of ratification.” The Court showed 
that the question of limiting the period of ratification had been de- 
bated at length, and both houses of Congress had agreed that some 
limitation was intended and that seven years was a reasonable period. 
The Court referred to the fact that four amendments were out- 
standing and that three of them had been dormant for more than a 
century. Whether such an amendment could be resurrected and its 
ratification completed is still an open question. Eighty-four years 
after the partial ratification of one proposed in 1789 the Legislature 
of Ohio made an effort to complete its ratification but as no other 
state followed its example the matter was not a practical one.^^ 

256 U. S. 368. 

“Ames, 291-292. 
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In view of such a contingency as the one just mentioned, it would 
seem highly desirable that Congress should fix a limit to the period 
in which a proposed amendment is open for ratification. The pro- 
posal of Senator Brandegee, already discussed, fixed the limit to a 
period of six years. 

In the case of Dillon t's'. Glass the Court decided that the eight- 
eenth amendment became a part of the Constitution on the date 
when the ratification of the states was consummated, and not on the 
date when the ratification was proclaimed by the Secretary of the 
State. 

The question whether a state that has once ratified can withdraw 
its ratification first came up in connection with the ratification of the 
fourteenth and fifteenth amendments as three states attempted to 
do so in the case of the fourteenth amendment and one in the case 
of the fifteenth amendment.^^ In the former instance the Secre- 
tary of State being in doubt issued a certificate declaring the amend- 
ment adopted provided the previous ratification of the states attempt- 
ing to withdraw the same was still to be considered valid. Congress 
immediately passed a concurrent resolution declaring the ratification 
of the fourteenth amendment valid and sufficient. 

The latest attempt of this nature occurred in Tennessee, when 
the legislature, after a quorum had been broken, attempted to recon- 
sider its previous ratification of the nineteenth amendment. There 
was no necessity of testing this action judicially as a sufficient num- 
ber of other states ratified to secure the adoption of the amendment. 
A provision, however, in the \\ adsworth-Garrett proposal covers 
such a contingency bv permitting any state to change its vote until 
three fourths of the states have ratified, or more than one fourth 
have rejected or defeated the proposal in question. 

In several of the briefs against the eighteenth amendment the 
Supreme Court was urged to place limitations upon the federal 
amending process, other than those stated in the Constitution, on the 
ground that the reserved sovereignty of the states was endangered 
by the ease with which amendments were being secured to extend the 
powers of the Federal Government.^ 

Ibid., 299-300. 

“ Dodd, Opus cit. ; Wm. P. Brynum, “ State Rights and Federal Power,” 
American Law Rcziew, LV., 1-4 (1921): A. M. Holding, “Perils to be Ap- 
prehended from Amending the Constitution,” American Law Rez'ieti', L\TI., 
481 (1923). 
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In this connection it is of interest to note that whereas a few 
years ago some form of popular participation in the process of 
amending the Constitution was advocated by the so-called radicals. 
Avith a view of more easily securing amendments, today, on the other 
hand, the submission of proposed amendments to popular vote is 
urged b}- those who frankly avow that they expect it will render 
ratification more difficult. This is indicative of the distinct change 
of vietv that has taken place in the past ten years in consequence of 
the recent repeated demonstration of the effectiveness of the present 
amending pror'ision of the Constitution. 

Although the speaker some years ago held the view that the 
amending process was too difficult, he has been led. in common with 
others, as a result of recent experience, to a modification of that 
opinion. He believes that a radical change in the method of amend- 
ment is neither necessary nor desirable. 

Possibly the amending machinery may need some modification. 
For example, the provision for the proposing of amendments might 
be made less difficult, as it has been shown that in the past the great- 
est obstacle experienced has been to secure the cooperation of both 
houses of Congress in submitting amendments, rather than their 
ratification by the state legislatures. Further, the proposal, common 
to several of the recent resolutions, that the amendment should be 
acted upon only by legislatures elected subsequent to its submission, 
as well as the limitation to a definite period during which the same is 
open to ratification, seem desirable regulations. 

However, the speaker sees no necessity for a referendum to pop- 
ular vote until at least a trial has been made of the optional method 
already provided for in the Constitution, namely, the ratification by 
conventions in the several states. It has been truly said that “ the 
election of a convention would itself be a referendum,” and by the 
submission of the proposed amendment to conventions especially 
chosen, the purpose of a referendum would be accomplished while 
avoiding its defects. 

No change should be permitted that does not give full recog- 
nition to the federal principle in our sj'stem of government. The 
country, moreover, should be on its guard against a process of 
amendment of such ease that provisions might be introduced into 
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the Constitution which would establish as permanent features, pass- 
ing political or sectional issues. 

“ Clearly," writes Dr. W. F. Dodd in an illuminating and com- 
prehensive article. " the Federal Constitution performs a function 
different from that of the state constitutions, and should be less 
flexible than the state constitutions may properly be. The function 
of the Federal Constitution is primarily that of drawing a line be- 
tween national and state powers, and such a line should not be sub- 
ject to frequent variations." 

Uxn’ERSITY OF PeXXSYLVAXW. 

" Dodd, Opus cit., 354. 



THE ARRAXGEAIEXT AXD ACTIOX OF MATERIAL IX 
THE PLASMATIC LAYERS AXD CELL-WALLS 
OF PLAXTS. 

By dr. D. T. MacDOUGAL. 

(Read April ’5, 19J4.) 

The purpose of the present paper is to present some collated 
information on the arrangement of colloidal material in the plas- 
matic layers and walls of the plant cell which are to be taken in ac- 
count in measurements of permeability, and to present some results of 
the action of constructed, dead, and living cells in absorption and en- 
dosmosis. 

Permeability is used in this and previous publications to denote 
the condition of the colloidal meshwork of the wall and plasmatic 
layers, which may vary in active cells so that only water and the 
more mobile ions may pass through when permeability is least and 
the largest molecular particles go through when it is greatest.’- 

The composition and arrangement of materials in the plasmatic 
layer and the cell-wall has been discussed in previous papers but it 
is necessary for the sake of clearness to recapitulate the principal 
facts and to illustrate the matter with Fig, i. The wall has a semi- 
rigid skeleton of cellulose fibers which are capable of but slight 
changes of volume or of deformation with water content. The 
spaces in the external part of this meshwork are occupied by pectins 
or pectates and the inner part of the meshwork nearest the plasmatic 
mass contains other liquefiable pentosans, such as mannosans and 
glucosans, while some lipins or phosphatides occur. 

The plasmatic mass is made up of amino-acid chains, pentosans 
and phosphatides, lipo-proteins, glycolipins, etc., the concentration 
in the bounding layer of the protoplasm being denoted by the closer 
spacing of the symbols used for the main components. 

’ AlacDougal, D. T., “ Permeability and the Increase in Volume of Liv- 
ing and of Artificial Cells,” Proc. Amer. Phil. Soc., 72, i, 1923. 
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One of the first and most important features of the structure 
described is its incessant variation in composition. The wall which 
is at first largely composed of liquefiable pentosans progressively in- 
cludes a larger proportion of the anhydrides as the wall becomes 
denser and more rigid. Later pectin compounds appear and the 
maturity of the wall brings it to a condition in which almost any of 
the salts or organic compounds of the cell as well as fat-soluble sub- 
stances mav pass through the coarser and fixed meshwork. The 
outer part mav undergo secondary changes by which it becomes 
water proof in total reversal of the effect of the previous alterations. 

PLASMATIC LAYER CELL WALL 



Fig. I. Diagram of the arrangement of material in the plasmatic layer 
and cell-wall. / Cellulose. \ Pectin. | Mucilages. / Proteins. • Fatty 
substances. 


The plasmatic mass at first high in proteinaceous material and 
in fatty substances progressively acquires a larger proportion of 
pentosans or mucilages, with inevitable alterations of reaction to 
substances included in the vacuole and entering the cell from the 
medium. 
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In addition to these changes which come rapidly in short-lived 
absorbing cells or root-hairs, this complex membrane is highly un- 
stable as to its composition. The displacements which may occur 
as a result of the various types of adsorption may result in the loss 



Fig, 2 . Colloidal cell in operation, (o) Capsule infiltrated and coated with 
material as in Fig. i; (d) immersion liquid; (») filling funnel; (o) outlet; 
(e) receiver; (1) liquid delivered as result of endosmose. 


of various bases such as potassium and sodium, or the leakage of 
carbohydrates and amino compounds from the liquid or meshwork 
of the cell, as has been described by True and his colleagues. 

In view of these facts it is obvious that the permeability phe- 
nomena observed in such strict and durable membranes as those of 





AXD CELL-WALLS OF PLANTS. 


79 


collodion and of parchment subtend but a narrow angle in any com- 
prehensive view of the operations which attend the passage of elec- 
trolytes for example through the enormously complex and continu- 
ously variable permeable layers of the cell. Referring again to the 
diagram (Fig. i), it is to be noted that this is illustrative of a cell 
which presents a free surface to the medium. The union of two cells 
presents an arrangement in which this is doubled, the pectinized 
layer forming the middle part of the w'all and the passage of an ion 
from one cell to another is attended by all of the adsorptive action of 
two plasmatic layers, which would never be exactly identical in the 
two protoplasts. 

The model of a “ constructed cell ” used in these experiments 
consisting of a cellulose extraction thimble infiltrated and coated 
with materials represented in the living cell differed from previous 
description only in certain mechanical features. Its setting is illus- 
trated by Fig. 2. By the omission or addition of substances an 
analysis may be made as to the parts played by the separate compo- 
nents of the permeable layers. The action of the cell as thus modified 
may be taken in terms of endosmose, measurements of resistance of 
immersion liquids or cell contents, or by titrations. 

The following points are to be noted in the interpretation of the 
results which follow : first, that as the permeability of the cell lessens 
the rate of endosmose w'ith any given concentration of sugar as cell- 
contents wall rise wnthin the limits of these experiments ; second, 
that the relative action of the common bases on the meshwork of 
colloids in modifying permeability rests upon the total action of 
these bases on the included substances: this action may include sev- 
eral types of adsorption, and third, that the cell-contents generally 
of 20 per cent, solution of cane sugar had an osmotic potential of 
about 15 atmospheres, common in plant cells, while that of the ex- 
ternal or immersion liquids was much less than i atmosphere. 

Confirmation of the principal conclusions as to the relative action 
of similar neutral salts of the common bases has been made. Such 
action runs generally parallel to the ionic mobilities of the bases which 
is a straight line function of the charges they carry. Other factors, 
the effects of which are still being measured, are doubtless to be taken 
into account. The relative action of these bases is modified by the 
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common ions in an order determined by the balance found between 
the charge on the anion and that on the kation. Thus the common 
anions SOj < Cl < XO3 exert a retarding effect, lessening the 
action of the kations on colloids in an increasing series as given. 
This action is in conformity with the hydration effects on agar as 
measured in 1921, as repeated in Table I.; and may be taken to 
apply within a certain range of effects in which swelling in various 
degrees results from hydration. Abrupt alterations of effect ensue 
when the concentrations rise to a point where total neutralization and 
aggregation of the colloid is brought about.^ 


TABLE I. 

Hvdratiox of Agar ix Sulphates axd Nitrates, 
(Increases in percentage of volume.) 



X'a. 

K. 

O.OI.t/. 

1 

1 O.OOOI.V. 

0 , 01 . 1 /. 

1 

j O.OOOlJ/. 

1 

Sulphates. . ... 

740 

i 221 $ 

710 

2515 

Xitrates. 

990 

27 ZO 

827 

1 20:0 

Water .... 

2400 


2560 



The retarding effects of anions on common bases in permeability 
effects with young roots were found by Kahho to form the following 
series,® 

Citrate < Sulphate < Tartrate < Cl < NO^ < Br < I. 
Raber obtained the series below with salts of sodium,* 

sex < I < Br < XO3 < Cl < Acetate < Sulphate 

< Tartrate < Phosphate < Citrate. 

In my own experiments similar permeability effects were ob- 
tained with sodium salts in complete celts and with others from 

'See Freundlich, H., Capillarchemie,” 2te Aufl., pp. 572 ff., 1922. 
MacDougal, D. T., “ The Action of Bases and Salts on Biocolloids and Cell- 
masses,” Proc. Amer. Phil. Soc., 70, 15, 1921. 

' Kahho, H., “ Ein Beitrag zur Permeabilitat des Pflanzenplasmas fiir 
Neutralsalze,” Biochem. Ztschrft., 123, 284, 1921. 

‘ Raber, O., “ Permeability of the Cell to Electrolytes,” Botan. Ga::ette, 
7S, 298, 1923. 
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which the lecithin had been omitted, the series being 
Xitrate < Chloride < Sulphate. 

Potassium salts gave the series 

Iodide < Nitrate < Chloride < Sulphate. 

The most useful explanation which has as yet been offered in 
this matter is that of Raber in which these effects are taken to rest 
upon the relative density of the charges upon the kations and ions 
acting upon the colloids. This is in fact implied in the general in- 
terpretation put out by Kahho two years earlier. The entire matter 
of interferences, or antagonisms, may yet be found to lie within the 
operation of such effects coupled with the special reactions of the 
albuminous material to sodium and of the pentosans and phospha- 
tides to calcium. 

Influence of the H-OH Concentr.ation on Hydration 
AND Permeability. 

Results of hydration tests of agar obtained in 1921 show that 
agar exhibits a greater swelling in dilute solutions of neutral salts 
than in water. It was also found that this pentosan shows two 
maxima with respect to the H-OH concentration. One is in the 
region of HCl O.OOOI.N' about pH 4.2 and the other is in hydroxides 
at about pH ii, as illustrated in the following table: 

T.ABLE II. 

Hydr.^tiox of Ac.\r in Chlorides. 

(Increases in percentage of volume.) 

He! 700 KCl 1305 NaCl 1145 MgCL- 825 CaCL 705 at o.oiM 

1600 2goo 2680 1590 1190 at o.ooiikf 

2100 2645 2975 2315 2160 at o.oooiil/ 

Water 1900 

Hydration of Ag.vr in Hydroxides. 

LiOH 1820 NaOH 1645 RbOH 1635 KOH IS35 Ca(OH)= 860 at 0 oiiV 


3430 3430 3500 3430 1220 at o.ooiA' 

3200 at o.oooiA'’ 
3200 at o ooooi.V 

Water 3000 

6 
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The hydration swelling of gelatine as representative of the am- 
pholytes is such that increase in concentration of acid or of hydrox- 
ide is accompanied by increased hydration and permeability within 
the biological range of concentrations. It is to be noted, however, 
that two points of minimum swelling have been found, one at PK 
4.7 and at PH 7,7 as determined by Wilson and Kern, and at PH 
4.68 and 7.66 as fixed by Higley.® The effect of salts within the bi- 
ological range is to increase swelling of gelatine, but it is to be noted 
that the swelling of ampholytes such as gelatine as a result of the 
acidity is lessened or repressed by the presence of salts. 

Any consideration of the action of the cell-colloids must pro- 
ceed upon the accepted fact that hydration and permeability are a 
resultant of the action of the included constituents. Thus, by way 
of illustration, the swelling of gelatine was found to be as' below by 
auxographic tests : 

TABLE III, 

KCl 2100 per cent. CaCl , 670 per cent, at o.oi.I/ 

1400 per cent. 1596 per cent, at 0 ooi-V 

1160 per cent. 1000 per cent, at o.oooiM 

W.ATER 910 per cent. 

The swelling of mixtures of 3 parts of gelatine with 2 parts of 
agar in neutral salts gives the following values : 

TABLE IV. 

KCl 880 per cent, CaCl, 740 per cent, at ooi-l/ 

1010 per cent. 940 per cent, at 0 ooi.ll 

1850 per cent. 1430 per cent, at o.oooi.M 

MAter 1420 per cent. 

The mixture consisting of 3 parts agar and 2 parts gelatine 
which reproduces the plasmatic composition of the higher plants 
more exactly shows much greater swell capacity, as shown by the 
figure below : 

TABLE V. 

KCl 2015 per cent CaCl„ 1140 per cent, at o.oi-V 

2270 per cent. 1220 per cent, at o.ooi.l/ 

2640 per cent. 2268 per cent, at o.oooif/ 

W.VTER 2330 per cent. 

° Wilson, J. A , ■' The Swelling of Protein Jellies,” Colloid symposium 
monograph. Dept, of Chem., Univ. of Wisconsin, 1923, p. 210. 
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The degree of hydration or coefficient of swelling of cell-col- 
loids is also the index of permeability, which is invariably a result- 
ant of the reactions of the pentosans and protein gels. Materials 
of these two groups ditter markedly, as one is an ampholyte dis- 
sociating both H and OH ions, showing two isoelectric zones in 
which there is no movement of H ions, and the pentosans generally 
dissociate some H ions, being weak acids. 

The resultant action when a composite mass of the two sub- 
stances is acted upon by acids or alkalies or by neutral salts will be 
determined by the proportions of the two present and the relation 
of the ions in the hydrating liquid to the neutral points, isoelectric 
zones or other conditions of the two groups of colloids. The per- 
meability of a protein jelly will be least in the isoelectric zones as 
the gels of the protoplasm when in this condition have a lessened per- 
meability and the cell will show the highest endosmotic swelling 
or turgidity. As noted above, increased H or OH concentration in 
the hydration solution or increased concentration of an electrolyte 
increases hydration and permeability in proteins, while it lessens 
permeability and increases possible endosmotic action in pentosan 
gels or mucilages. The solutions which cause a minimum hydration 
and permeability and the greatest endosmotic swelling may not 
therefore be the " isoelectric points " of a vacuolated cell, as sug- 
gested by Robbins,*’ but a resultant, or zone in which the low hydra- 
tion value of a protein is met by a decreasing hydration value of the 
pentosan. The greatest swelling of a dense non-vacuolar cell would 
be a similar zone of conjunction of the highest hydration possibilities. 

Zones of M.\ximum and IMinimum Endosmose -\nd Perme- 
ability IN Constructed Cells. 

The determination of the zones of concentration in which cells 
would show maximum and minimum effects was tested with con- 
structed cells as well as with sections of Opuiitia. 

The initial experiments in such a test were made with colloidal 
cells constructed in sets in which one or more of the essential com- 
ponents were omitted. The action of complete cells was compared 
with that of living and dead cells. 

° Robbins, W. J., “ An Isoelectric Point for Plant Tissue and Its Signifi- 
cance,” Amcr. Jour, of Bot., lo, 412, 1923. 
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One set of cells with contents of per cent, sugar solution and 
with the layers composed wholly of agar and pectin gave the follow- 
ing antounts of endosmose : 


TABLE VI. 

Amount of Endosmose 

Immersion. in 48 Hours. 


HCl 

o.oi.V 

O.OOI 

14 

Water 



XaOH 

0 00 1 



0.0 r 

17 

XaCl 

o.oi 


HCl 

O.OOI 


XaCl 

001 


HC! 

0.0 iV 

9' 


The characteristic pentosan reactions are illustrated. As the 
acidity of the immersion or hydration solution increased perme- 
ability lessened and the cell thus showed greater endosmose or tur- 
gidity at HCl o.oiA' than at o.ooiA'. A similar relation was found 
on the other side of the neutral point, the turgidity or endosmose 
being greatest as the OH concentration increased and the swelling 
lessened. 

Acidification of a salt showed similar effects, the increase of 
acidity from o.ooi to o.oiiV lessening permeability and increasing 
turgidity. The reverse effects to be expected from protein gels are 
too well known to need repetition. 

The next series of tests were made with cells constructed as in 
the previous set with the addition of gelatine to the plasmatic layer. 
The results were as follows : 


TABLE VII. 


Immersion. 

NaOH o.cx)SA’ 
0.0025 

O.OOI 

Water 

HCl O.OOI 
0.0025 
0.005 


Amounts of Endosmose in 48 
Hours at 16-18® C. 

12 CC. 

22 

15 

21 

12 


10 

15 
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NaC! o oi-U 

XaOH o.ooi 8 

NaCl 0.0 1.1/ 

NaOH 00025 g 

NaCl 0.01.1/ 

KaOH 0.005 15 

NaCl o.oiM 10 

NaCl 0.01.1/ 

HG oooi.V 9 

NaCl 0.01.1/ 

HG o 0025 13 

NaCl ooiM 

HCl .005 26 


The results in Table V’ll. show maxima which are resultants of 
the swelling coefficients of the pentosans and amino-acid gels. The 
maximum turgiclity and endosmoje coincident with minimum hvdra- 
tion swelling of the two components was in 0.0025 of the acid. -\ 
corresponding node was found in the hydroxide at 0.005/V. 

The addition of a salt carried progressive decrease of permea- 
bility with the increased H or OH concentration. 


TABLE VIII. 

Immersion. 

HCl OOOI.V 

0.005 

Water 

NaOH 0.001 

0.005 

NaCl 0.01.1/ 

HG o.ooiiV 

NaG 0.0 1 

HG 0.0025 

NaCl o 01.1/ 

HCl 0.001 

NaCl o.oiil/ 

NaG o.oi 

NaOH o.ooijV 

NaG 001 

NaOH 0.0025 

NaCl o.oiM 

NaOH o.oos 


Amount of Endosmose. 

II 4 cc. 

II-5 

13-8 

72 

138 


1 1 


10.4 


II 

6-5 


9.8 


102 


8 


A third series of tests were made with cells to which a lecithin 
deposit had been made in the plasmatic layer, the cell including agar. 
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pectin, gelatine and lecithin, the gelatine forming about two fifths of 
the plasmatic layer. The results of the endosmotic action of such a 
series of cells with contents of 20 per cent, sugar solution operating 
for 42 hours are given in Table \TII. 

The presence of the lecithin in these cells may be held to ac- 
count for an equalizing action or a broadening of the zones of max- 
imum or minimum. Thus no variation was seen in the permeability 
in 0.001-0.005 water-acid. Neither did the acidification of the salt 
show much effect, a flattening which is to be seen in the results with 
living and dead cells. Permeability lessened in water-hydroxide so- 
lution as the concentration was increased to 0.005 the maximum 
lay beyond. The addition of hydroxide to the salt showed a node 
at NaOH 0.0025. 

Another series of complete cells were placed in water-acid solu- 
tions with the result that a node was found in concentrations of 
0.001-0.0004.V, at which endosmose was the highest, below and above 
which it fell off. The composition of the cells diltered from those 
in Table ATII. chiefly in a higher proportion of agar in the plas- 
matic layer. 

Distextiox of Living Cells of Opuntia in Acids, Hydroxides 
.YND Neutr.yl Salt Solutions. 

The flattened joints of Opuntia offer e.xceptional advantages for 
the analysis of permeability and distention measurements as some- 
thing is known as to the plasmatic mass especially as to its high 
pentosan content, and the daily variation of the acidity of the cell 
sap from near neutrality to a concentration which may be as great 
as pH 2.5 or even higher f nearly equivalent PICl o.oi) has 
been worked out with exactness and in great detail by Richards.’’ 
It was found that the titration values of the acidity might vary as 
4 to I or even as much as 7 to i at certain times. 

Material taken before 8 A.M. would have a sap near the maxi- 
mum and that taken at 3 P.M. would be as nearly depleted of acid 
as may be found at any time. 

Thin slices taken from the median layer of the joints were placed 
in Stender dishes in trios, and their variations in thickness measured 

’ Richards, H. M., “ Acidity and Gas Interchange in Cacti," Publ. 209, 
Carnegie Inst, of Wash , 1915. 
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and recorded with the auxograph of the model used extensively in 
this laboratory. Comparisons were made only in sets of equivalent 
material taken at the same time and hydrated in the same range of 
temperature which was usually at 14-18° C. 

The first group of tests was made on three sets of sections taken 
in the morning and three in the afternoon and hydration was made 
in water and water-acid and hydroxide solutions. 

The three sets of sections in the acid condition showed the 
greatest distention or turgidity resulting from the least permeability 
in HCl 0.0025, equivalent to about pH 2.5. which would be less acid 
than the cell-sap. Sections in the acid-depleted condition showed the 
greatest distention or turgidity and hence the least permeability in 
HCl 0.001, about pH 3, which was probably more acid than the cell- 
sap. Effects were lessened at higher and lower concentration in both 
cases. 

Distention and turgidity and a minimum permeability was found 
on the OH side of neutrality in XaOH 0.0025 in the morning or 
more acid condition of the cells as well as in the acid-depleted condi- 
tion in the afternoon. This would be equivalent to about pH 12. 

All distentions were greater in the acid-depleted condition of the 
afternoon than in the morning although the dendrographic records 
show that the plant has a higher water content at this hour than in 
the morning. 

TABLE IX. 

Increases. 


Solutions. 

8.30 A.M. 

3.00 P.M. 

NaCl 

o.oiM 

8 p.ct. 

16 p.ct. 


0,005 

10 

16 


0.0025 

8.8 

16 

Water 


10 

21 

NaCl 

O.OI 



NaOH 

o.ooiiV 

15 

I 7 -S 

NaCl 

O.OI 



NaOH 

0.0025 

15 

20 

NaCl 

0005 



NaOH 

o.oos 

13 

22 

NaCl 

0.00s 



HCl 

0 005 

8.S 

10 

NaCl 

O.oos 



HCl 

0.0025 • ■ 

9 

IS 

NaCl 

O.OI 



HCl 

0.001 

II 

18 
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Another series comprised sections taken in the morning and after- 
noon and hydrated in salt solutions made acid and alkaline as shown 
in Table IX. 

The maximum distention in the neutral salt solution was found 
in the highly acid material of the morning at a concentration of 
0.005-1/. No variation was found in the concentration of o.oi.l/ 
-0.0025 in the acid-depleted material of the afternoon. 

The maximum distention and turgidity and hence least perme- 
ability of the living sections in the acid condition as well as in the 
acid-depleted condition was in NaCl o.oiJ/ HCl o.ooiAh The 
distention of the highly acid material of the morning in salts made 
alkaline was greatest in NaCl o.oiM NaOH o.ooiiV and NaOH 
0.0025, ^he nodal zone evidently being a broad one. The acid-de- 
pleted material showed the greatest distention in P^aCl o.oiJf 
-f NaOH 0.005.V. This lot of material differed from that described 
above in the reaction to alkali, a variation which might reasonably 
be attributed to the condition of the material. 

Distention .a.n0 Swelling of Dried Slices of Opuntia. 

When median slices such as those which are used in a living 
condition in the previous tests are dried under a pressure to keep 
them plane for three or four days, the result is sections about one 
fourth the original thickness, of a leathery consistency, in which the 
turgidity of the cells has been lost, the walls have collapsed and per- 
meability conditions of the whole alter in several ways. It seems 
clear, however, that the hydration of such sections is attended by 
some osmotic action as well as the swelling resulting from the hydra- 
tion of the desiccated colloids. 

Hydration of a great number of sections in a series of water-acid 
solutions showed the greatest increase at o.oiA' = pH 2, which may 
be taken as a node of the swelling action of the pentosans and pro- 
tein gels present, the absolute maxima lying beyond the range of the 
solutions. In this case the action of the acid would be to accentuate 
the swelling of the amino compounds and to lessen the permeability 
of the pentosans with rising concentration. On the other side of neu- 
trality the increase is greatest in the hydroxide at o.ooiA = pH ii 
in confirmation of previous results.® 

* MacDougal, D. T., “ Permeability and the Increase in Volume of the 
Contents of Living and Artificial Cells,” Proc. Amer. Phil. Soc., 72, i, 1923; 
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The maxima were in more acid and less alkaline solutions than 
those producing the greatest distention in liv'ing cells. 

Dried sections in solutions of XaCl made acid by the addition 
of HCl showed maximum increase in XaCl o.oi -f- HCl o.ooiA’^ and 
in similar salt solution made alkaline b\’ the addition of XaOH 
o.ooiA’, in one set; in another the maximum in the acid was at the 
same concentration but that in XaOH was at 0.005AL 

The zone of greatest increase on the acid side would lie in the 
region of pH 3 while that on the OH side of neutrality would lie in 
the region of pH 11-IJ.5. 

Recounting the facts concerning the nodal points described on 
the preceding pages, it is to be stated that agar plates show the high- 
est hydration values at pH 4.2 and pH 1 1 . Between these two 
swelling falls to that of water and beyond these points the increase 
lessens with the rising concentration of acid and alkali within the 
biological range. Protein gels show increased swelling in H and OH 
concentrations away from the isoelectric zones and in increasing 
concentration of neutral salts. The swelling of mixtures of pento- 
sans and amino compounds is a resultant of the reactions implied. 

Permeability rises with the degree of hydration. 

Colloidal cells of agar and pectin showed a permeability minimum 
at pPI 3 equivalent to that in water with a maximum beyond pH 2. 
Another maximum was found beyond in the region of pH ii. Sim- 
ilar relations were found in acidified salts and in those made alkaline 
with XaOH. 

Cells constructed of agar-pectin and gelatine showed maximum 
permeability with a minimum endosmose at pH 2.5-3 pH 
11-12. Salts solutions made acid and alkaline showed permeability 
decreasing awav from neutrality in water more acid than phi 3 and 
more alkaline than pH 11. 

The inclusion of lecithin in the construction of the cell resulted 
in a displacement of the points of permeability, especially with re- 
spect to the effect of acid. One set of cells showed but little change 
in permeability between o.ooiN and 0.005A/' HCl but in another 
series the minimum of permeability in the concentrations of HCl 
O.ooi-o.ooqA^. 

“ The Probable Action of Lipoids in Growth,” Proc. Amer. Phil. Soc., 71, 33, 
1922. 
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A minimum of permeability in hydroxide was found at NaOH 
0.0025, more dilute and more concentrated solutions giving less 
endosmose. 

If now these conceptions be applied to the dead cell-masses, the 
greatest increase of such material was in solutions more acid than 
pH 2 and between pH ii and 12. 

Living cell-masses showed the greatest distention at about pH 
2.5 to 3 and in the region of pH 12 and above. 

It is to be noted that the maximum increase in a nonvacuolar 
mass would be one of hydration in which permeability would be 
progressively lessened, a procedure which would be characteristic of 
the enlargement of cells in the earlier or accretion stage of growth. 

The maximum increase of a vacuolated cell on the other hand 
would be coincident with minimum permeability in which the cell 
contents would exert the greatest osmotic action. 

In the case of the dead cell-masses the progressive rise of the 
swelling away from the neutral point might be due to an action 
similar to that described for protein gels; on the other hand it is to 
be noted that the cells of Opuntia are high in pentosans and that the 
permeability of such material would be progressively lessened with 
increased H or OH concentration with the result that osmotic dis- 
tention of the cells would follow. 

IXFLUENCE OF CONCENTRATION OF CeLL-CONTENTS ON ADSORPTION 
OF Ions from the Medium or Immersion Liquid. 

A series of tests was arranged in which the relation of the con- 
centration of the cell-sap to the external solution to the adsorption of 
the common kations was determined. 

In one arrangement cells with contents of 20 per cent, sugar so- 
lution with others containing 0.6 per cent, sugar solution were 
placed in chlorides of potassium, sodium and calcium at o.oiM. 
The higher concentration wovdd have an osmotic potential of about 
15 atmospheres, while the weaker would be equivalent or hypotonic 
to the salt solutions. It is to be noted that some plants of arid 
regions such as the Atriplices may have tissue fluids with a potential 
of over 150 atmospheres. 

After the cells were operated for periods of 40 to 48 hours the 
immersion liquids were titrated for chlorine which would show how 
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much of the anion had been adsorbed by the cell. It was then as- 
sumed that the kation had been adsorbed in equivalent measure, 
which would not be exactly correct; the difference, however, would 
not constitute a serious error in the magnitudes obtained. 

Chlorine determinations were made by direct titration of 25 cc. 
of the liquid with AgXOj o.oid/.® Since deviations in the concen- 
tration of the salt solutions played small part in the adsorption no 
great care was exercised in making them up, but the chlorine was 
titrated in the originals and then at the close of the experiment. The 
results are expressed in cc. of the silver nitrate necessary to effect 
the titration. Table X. gives results from agar-pectin-gelatine-leci- 
thin cells; 3 parts of gelatine to 5 parts-of agar were used in the 
plasmatic layer.''-’ 

TABLE X. 


Contents, Sugar Sol. 

Immersion. ’ £ 

j 

i 

AgXOs. 

1 

i 

Original. 

F inal. 

20 percent... 

NaCl o.oiil j 

9.6 1 

29 

20.2 

0.0 per cent. . 

“ i 

3-5 ' 


27.9 

20 per cent. . . . 

KCl 0 . 01 - 1 / ' 

s i 

39 7 

30 

0 0 per cent. 

I 

14 1 

I 


27.2 

A set of agar-gelatine-pectin cells with lecithin omitted with con- 

tents of 20 per cent, sugar solution 

gave the following: 



TABLE XL 




1 







Percentage of 

Immersion. 

! Endosmose. 


1 Absorption. 



Original 

Final. 


XaCl o,oiM. . . . 


24.2 

20.9 

13.3 

0.0025 ■ ■ ■ 

• - ' 5 1 

13-5 1 

12.5 

7-5 

KCl o.oiM 

7 1 

24 55 ; 

20 9 

15 

0.0025 

7.1 1 

IJ.6 1 

12.2 

10 

CaCls o.ooi-l/. . . 

0 i 

50.5 

4<>-3 1 

S .3 

0.0025 

' i 

15-8 ; 

lO.O 

33 t?) 


“ I am indebted to Professor J. W. E. Glattfeld, of the University of 
Chicago, for the titrations. 

“ See Gortner, R. A., and Hoffman, W. F,, “ Quantitative Estimation of 
Chlorides and Sulphates in Expressed Plant Tissue Fluids,” Botan. Gazette, 
77, 96, 1924, for additional methods. 
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The rate of endosmose formed the series Xa < K < Ca in both 
concentrations of the immersion solution. The rates of absorption 
of chlorine from the solutions of the higher concentration formed the 
series K > Xa > and > Ca. The rate from the weaker solution 
formed the series Ca > Xa > and > K. a reversal of the action of 
Ca and K which may be due to some unknown features of the cell. 

Another set gave the following data (agar-gelatine-pectin-lecithin 
cells) : 

TABLE XII. 


Cell Contents 

Immersion. 

Endosmose. 

AgXOs. 

'Percentage of 

Sugar Sol. 

Original. 

Final. 

Absorption. 

20 per cent . . 

XaCl 0.01.1/ 

10 

24 o 

21 

14-3 

0.5 per cent. 


0.0 

• • 

21 3 

13 

20 percent... 

KCl 001.1/ 

12-3 

24.9 

20,7 

17 

0.5 per cent. , 


0.0 

•• 

21 . 5 

13 

20 per cent. . 

CaCk 0.01.1/ 

16.2 

16 9 

149 

11.8 

0 5 per cent. . . . 


0.0 


21.5 

Iio 

20 per cc‘nt. 

Seawater o 01,1/ 

II . 2 

28 9 

25 3 

12 S 

0 5 per Cent . 

for Na 

,2 


25-2 

12 S 

20 per cent. . . 

(IS'aCl 0 005) 
tXaOH 0 005) 

13-4 

(50 cc.) 
46.7 

28.5 

39.7 

0.5 per cent.. . 

1 

0.0 


28 8 

3S.4 

20 per cent. . . 

; fXaCi 0.005) 

1 tXaOII 0.005; 

II .8 

(50 cc ) 

46 9 

41 1 

I 4 .I 

0 5 per cent. . . 

1 

0.0 


40.6 

15-3 


The permeability series of these cells was NaCl > Seawater > KCl 
> CaCL. The amounts of chlorine adsorbed formed the series 
KCl > XTaCl > Seawater > CaCh. The adsorption of chlorine 
was seen to be very much greater in the alkaline solution than from 
the acid-salt solution. The influence of the concentration of the 
cell-contents on absorption was noticeable in potassium only, which 
was probably due to faulty operation, or some defect in the cells. 
The average absorption of chlorine by the cells with 20 per cent, 
sugar solution was 18.3 while it was 17.3 for the cells containing only 
0.5 per cent, sugar solution, a difference largely due to the discordant 
action of the cells in the potassium solution. A similar discrepancy 
in the action of cells was found in the sodium solution in the fol- 
lowing series. 

In this series the adsorption of the salt was much greater from 
alkaline than from neutral solutions, and the adsorption of K much 
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greater than that of Xa. It is also seen that the adsorption of ions 
by the colloidal cell was but little influenced by the concentration of 
the cell-contents ; the average loss of chlorine from all immersions 
of cells with concentrated contents was 35.3 per cent. ; to cells with 
dilute contents it was 34.5 per cent. 

TABLE XIII. 


-VkXC), 


Content? 

i Immersion. 

' Endosmose. 


[Percentage of 

Onmnal. 

Final. 

! Absorption. 

20 per cent. 

XaCl o.oiJ/ 

10 

I - 3-5 

iS 

23 

0.6 per cent. 

20 percent.. 

(X’aCl o.oi) 

; 0.0 

1 

10. S 

2S.S 


1 (.XaOH 0.001 1 

j II.6 

1 22.S 

16 4 

28 

0.6 per cent. . 

(XaCl o.oii 

; 0.0 


16.5 j 

27.6 

20 percent.. 

J (XaOH 0.005 ' 

; ^ 

; -7 5 

16.7 

1 40 

0.5 per cent. . 


0 0 


IS 

! 35 

20 percent.. 

! KCl O.OI 

1 II. 2 

; 24.1 

iS.r, \ 

32.8 

0.5 per cent. 

, i,KCl 0 01) 

' 0.0 

1 


1S.3 

244 

20 per cent 

1 (KOH 0.001 i 

9 

; 27.2 

14-1 

48 

0 5 per cent. . 

1 (KCl o.oil 

j 0.0 

i 

i 

15-9 

41-5 

1 

20 per cent. 

1 (KOH 0 005 ' 

1 

1 30.5 

14.9 

' 50 

0.5 per cent 


. 0.0 

1 

15 

50 

1 


While the current conceptions of the physical action of the cell 
make it obvious that the passage of electrolytes into the cell-material 
is affected very little by the osmotic potential of the cell-contents, this 
conclusion has not been directly or adequately tested. The foregoing 
tests show that the adsorption of chlorides by constructed cells with 
dilute contents was but slightly different in amount from the adsorp- 
tion by similar cells with concentrated contents. The average ad- 
sorption of chlorides from neutral and alkaline salts in one series 
by cells with a 20 per cent, sap was 18.3 per cent, of the immersion, 
while 17.3 per cent, was taken up by cells with contents of 0.6 per 
cent, sugar solution. In another series cells with the more concen- 
trated sap took up 35.3 per cent, of the chlorides while those with the 
dilute contents adsorbed 34.5 per cent. 

The relative amounts of the various salts which may be taken up 
vary with the composition of the cell and other controllable factors. 
The well-known acceleration of adsorption in solutions made alkaline 
is strikingly exemplified. 

Dept. Bot.\xical Rese.\rch, 

C.ARXEciE Institution. 
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I. INTRODUCTION AND SUMMARY. 

When the Princeton 1920 Expedition to South Dakota was being 
planned, I hoped that we might succeed in locating one or more zones 
or levels in the White River beds, of wide areal extent and rich 
fossil possibilities, which would afford large assemblages of con- 

^ Investigation aided b}' a grant from the Marsh Fund of the National 
Academy of Sciences. 
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Plate I 



Fig. I. Fossilized eggs of birds. Kos. 12609 and 12616 Princeton Univer- 
sity Geological Museum. Natural size. 



Fig. 2. Hcl'Ii’j'hoitcKS I'riiiuci tis Leidy. Mounted skeleton. No. 12750 
Princeton University Geological Museum. Height at .shoulder 14 inches. 
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temporary forms and so act as controls in future stratigraphic and 
evolutionary studies. From Dr. Wortman's- brief notes on his 
section, published in 1893, the idea occurred to me, long before I 
had seen more than its characteristic fossiliferous nodules, pre- 
served in the Princeton and American Museum collections, that his 
“ red layer ” in the Lower Oreodon beds would prove to be a cli- 
matically controlled feature, owing its concretions to the evaporation, 
at or near the surface of the ground, of sub-surface waters, rising 
by capillarity under conditions of aridity, and would, accordingly, 
be easily recognizable in widely separated parts of the badlands, 
would coincide with an old land surface or series of surfaces on 
which deposits formed during the arid episodes, and, affording an 
abundance of well-preserved fossils, as it promised to do, would be 
an ideal control horizon. 

It was also planned to accumulate data for a new section, as that 
in general use( Dr. Wortman's) was manifestly in need of revision, 
being based on field methods of an earlier date. The origin of the 
White River sediments also called for investigation. These had 
hitherto been described in general terms, such as fuller’s earth, sands, 
clays, ash, etc. By determining their nature and tracing the sedi- 
mentary materials to their sources there might be something to learn 
about life conditions at the time this accumulation took place. From 
the nature of the contacts separating the various elements of the 
White River series, and these in turn from the Pierre shale below, 
it was hoped to form some conception of the ancient physiography 
and so ascertain the kinds of land surface over which deposition 
occurred, as these mark the longest halts in the sedimentation proc- 
ess. In these investigations I have been associated with iMr. H. R. 
Wanless, who has undertaken the study of the lithology and stratig- 
raphy of the White River series in parts of Pennington, Washington 
and Jackson counties. South Dakota, and has presented his results in 
two able papers already published,^ wherein many of the problems 
outlined above are discussed. 

’’Wortman, J. L., “On the Divisions of the White River or the Lower 
Miocene of Dakota,” Bull. Am. Mus. Nat. Hist., Vol. V., 1S93, pp. 95-105. 

“Wanless, H. R., “Lithology of the White River Sediments,” Proc. Am. 
Phil. Soc., Vol. LXI., pp. 184-203, 1922; “The Stratigraphy of the White 
River Beds of South Dakota,” Proc. Am. Phil. Soc., Vol. LXIL, pp. 190-269, 

1923. 
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The collecting season of 1920 demonstrated the amazing fossil 
richness of the “ red layer ” in what was, supposedly, well-worked 
territory, and we were fully occupied in following the narrow out- 
crop of its noduliferous portion in the basins of Bear, Spring, and 
Indian Creeks in Pennington County and at Interior in Jackson 
County. Its wide areal extent was realized, while its limited vertical 
thickness demonstrated that it was indeed an ideal control horizon. 
Frequent excursions into the Titanotherium beds below gave little 
encouragement to the expectation of finding there stratigraphic zones 
which could be traced more than a few hundred yards, although in 
some places fossils were in considerable abundance. 

The observations of the first season were presented in my paper 
entitled “ The Turtle-Oreodon Layer ” or “ Red Layer,” a Contribu- 
tion to the Stratigraphy of the White River Oligocene (Results of 
the Princeton University 1920 Expedition to South Dakota)^ in 
which the “ red layer ” as then known to us was described and the 
hypothesis of climatic control formulated. 

In subsequent summers (1921 and 1922) with the aid of grants 
from the klarsh Fund of the National Academy of Sciences, the 
“ red layer ” was followed southwestward and westward and our 
collections, stratigraphic data, and conception of the “ red layer ’’ 
itself greatly expanded. Search for higher datum planes resulted in 
the re-location of Wortman’s upper noduliferous zone of the Oreo- 
don beds some 60 feet above the top of the “ red layer.” 

Fuller acquaintance with these two noduliferous zones brought 
out, as discussed in full in Wr. \\'^anless’ papers, that the upper one 
was e.xtremely thin and of limited areal extent, while the lower is a 
well-marked stratigraphic feature, traceable for miles, always abun- 
dantly fossiliferous, constituting an acceptable mapable unit, in 
fact, without exaggeration, the most remarkable fossil level in any 
of our North American Tertiaries. 

When seen by us in 1920, the concretionary level, constituting 
Wortman’s “ red layer.” was supposed to be confined to the upper 
part of the 40-odd feet of pinkish-gray clays constituting the lower 
Oreodon beds, but many observations made since then have demon- 
strated that additional sheets of nodules may be introduced below, 

' Proc. Am. Phil. Soc., Vol. LX., No. 3, pp. 457-466, 1921. 
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which increase, not only its thickness, but the difhculty of defining 
its lower limits, so that it has been found expedient to designate the 
whole zone of pinkish-gray clays at the base of the Oreodon beds 
as the “ Turtle-Oreodon layer ” or “ red layer,” no faunal change 
having been noted throughout it. Reference to the lower zone of 
rusty nodules, or lower concretionary zone, in what follows, applies 
to the concretionary phase of this pinkish-gray clay, which sometimes 
entirely lacks nodules. 

It must not be assumed that fossils are absent from the clays of 
the Oreodon beds outside of these zones, for such is not the case. 
The upper Oreodon clays in the vicinity of Interior afford frag- 
mentary vertebrate remains in considerable amount. Occasional 
specimens may also occur in areas far apart from each other and 
difficult to bring into zonal relationship. 

Previous to our work, the major faunal phenomena of the White 
River Oligocene had been well established, and still remain so. Our 
collecting experience supports Dr. Matthew's ° recognition of two 
faunal facies, characteristic of the Oreodon clays and iMetamynodon 
sandstone channels respectively, representing local differences in 
habitat. As shown in Mr. Wanless’ stratigraphic report, the Meta- 
mynodon sandstones were deposited in stream channels occurring 
at various levels all below the upper concretionary zone, and certain 
elements in their fauna, such as Mctainyiwdon and the anthraco- 
theres. found rarelv outside these coarse channel deposits, but com- 
monly within them, may be presumed to have been of aquatic habit. 
The analogy of the ” clays ” fauna with that of the modern plains 
has been commented on by Dr. iMatthew,® and is supported by iMr. 
AVanless’ lithologic studies. These indicate sheet-flood action of 
temporarv duration, over a wide plain traversed by rivers (the IMeta- 
niynodon channels) with extremely low inter-stream divides, far 
lower than exist today in the present high plains region with its 
intrenched drainage. Intervals of aridity resulted in the formation 
of the concretionary zones as already indicated, so that on the basis 
of both lithologic and stratigraphic evidence, presented in Mr. Wan- 

' Matthew, W. D., Memoirs of the American Museum of Natural History, 
Vol. I., Part 7, p. 368 et seq. 

^ Loc. cit., p. 371. 

7 
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less’ papers, their faunas are regarded, not only as a plains assem- 
blage, but one characteristic of, at times, arid plains, where arboreal 
vegetation, represented only by the innumerable hackberry seeds 
occurring everywhere in the lower concretionary zone, was possibly 
limited to the margins of the more or less permanently water-bearing 
channels, much as are the cottonwoods, hackberries. etc., in the bot- 
toms of the modern draws. The occasionl flooding of these would 
account for the hackberry seeds in the inter-stream clays, and also 
for the rapid sweeping together of fragments of the dry surface 
clays, unprotected by vegetation, to form the clay-pellet conglomer- 
ates of the concretionary zones. 

Xo fauna of Oligocene age which could definitely be associated 
with an old land surface, or series of closely contemporaneous land 
surfaces, has ever been identified, and the recognition of such a 
fauna constitutes one of the more important of our results. The 
second point which may be emphasized is the discovery, within many 
groups, of numerous contemporary variations. Some of these have 
already been published,' and others will be discussed in the pages 
which follow; some are interpretable as individual variations while 
others seem to be progressive mutations in the de\ riesian sense. To 
distinguish between them, where but few specimens are available, is 
difficult, I have endeavored to put them on record without, I trust, 
adding unduly to the multiplicity of names, and giving, I believe, 
acceptable reasons for whatever has been done to the synont’my, 

Aly grants from the X'ational Academy were for the study of the 
“ Mesoliippns bairdii-Orcodon cidbertsoni Zone,” These foims 
are the most abundant of all the Oreodon beds species, being repre- 
sented by individuals far in e.xcess of the numbers indicated by the 
figures in the lists on a later page, which include only the specimens 
collected, while many more were examinned and left in the field as 
too poor to be worth the expense of shipment. 

Anticipating, to some extent, what will be said later, we have 
found that Oreodon ciilbcrlsoni cidbertsoni Leidy is extremely abun- 
dant from the base of the Oreodon beds to the top of the lower zone 

’ Sinclair, W. U., “ The Small Entelodonts of the White River Oligocene,” 
Proc. Am. Phil. Soc., Vol. LXI., pp. 53 - 64 , 19^2. “ Hyracodons from the 

Big Badlands of South Dakota,” Proc. Am. Phil. Soc., Vol. LXI., No. i, 1922, 
pp. 65-79, 1922. 
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of nodules. One specimen, with auditory bullae of rugged type, 
which I am unable to separate from Oreodon culbcrtsoni culbcrtsoni, 
was found by us in the uppermost part of the Titanotherium beds 
about 18 inches below the contact plane, but not a single specimen of 
this sub-species was found above the level of the noduliferous por- 
tion of the “ red layer ” in which hundreds of individuals occur. On 
the other hand, the smaller sub-species, Oreodon culbcrtsoni pericii- 
lorum Cope, occurs in both concretionary zones, as indicated in the 
lists below. 

Turning now to Mcsohippiis bairdii, this has an equally wide 
range, occurring in great abundance in the lower nodular zone and 
in more limited numbers in the upper level, where there are small 
horses inseparable, so far as I can see. from typical bairdii. The 
Princeton collections do not afford data regarding its possible down- 
ward range below the level of the Oreodon beds, but teeth and jaw 
fragments of Mesohippus in the American Museum Collection from 
the Titanotherium beds, kindly loaned by Dr. \V. D. INIatthew, seem 
to me inseparable from bairdii and. if correctly identified, indicate a 
situation similar to the case of O. culbcrtsoni culbcrtsoni. 

If there is need of a faunal designation, then the “Mesohippus 
hairdii-Orcodon culbcrtsoni Zone," with the limitations imposed by 
the stratigraphic range of both of its most characteristic species, may 
be regarded as applicable to the ‘‘ red layer ” as here re-defined. 

The discussion which follows is limited to the faunas of these 
two concretionary zones. Contemporaneity is strictly true of the 
assemblage from the upper level which is, approximately, a foot 
thick and usually consists of but a single layer of nodules, while that 
from the lower zone represents the population of successive land 
surfaces, receiving sediments during a sequence of closely spaced 
climatic episodes in which aridity predominated, causing the up- 
ward migration of groundwaters and the formation of nodule 
bands as the result of evaporation. So closely spaced were these 
arid cycles that the fauna may be regarded as a unit, for any attempt 
to correlate the faunules of the successive nodule sheets constituting 
the lower noduliferous zone would be futile, many of the finest spec- 
imens collected being in nodules which had been displaced by erosion 
from their original position. 
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^^llethe^ this recurrent aridity has had anything to do with the 
decrease in numbers of certain elements in the faunas between the 
lower and upper concretionary zones {Orcodon culhertsoni culbert- 
soni, for example) is problematical, but may be entertained in view 
of the absolute extermination of titanotheres at the close of Titano- 
therium beds deposition where, as we have endeavored to show else- 
where, a climatic factor was probably involved. 

It has not proved, and possibly never will prove, practicable to 
trace the upward range in the Oreodon beds of each species listed. 
The considerable thickness of scantily fossiliferous clays between 
the Leptauchenia ash and the upper zone of nodules is discouraging 
to the collector, and it will be years, if ever, before the upward range 
of each species into or through this barren zone is established. In 
fact I know of no non-marine North American Tertiary formation 
in which the vertical range in feet and inches of any of its char- 
acteristic species can be stated, although broad limits can be estab- 
lished, just as have been attempted in this paper for the faunas of 
the Oreodon beds. 

In the lists which follow, the number of specimens of each species 
collected from the two concretionary zones during the summers of 
1920-22 is indicated by figures in the parallel columns to give an 
idea of what may be expected as a result of several seasons’ work. 
They range from tlie finest of museum material to poor study speci- 
mens. although, as the result of critical selection in the field during 
two summers under my personal supervision, the quality average is 
high. Some of the gaps in the list from the upper level are probably 
due ratlier to the exigencies of preservation and collection than to 
the absence of the species in the level recorded, for here every spec- 
imen found was taken, irrespective of quality. 

That the fauna of the lower level constitutes such a large per- 
centage of the total assemblage of species from the Oreodon beds is 
not surprising, in view of the fact that most of the collecting in South 
Dakota, in this part of the White River series, has always been from 
this level, since that 14th of May in 1850 when it was first seen, in 
the badlands of Bear Creek basin, by T. A. Culbertson who having 
“ ascertained the locality^ of these petrifactions to be so circum- 
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scribed . . . hastened to finish collecting in one day.” ® Culbert- 
son's locality lies about four and one half miles northeast of the town 
of Scenic in Pennington County, in the bluffs and tributary draws 
along the northeast side of Bear Creek and is directly continuous 
with exposures in Chamberlain Pass between the basins of Bear 
Creek and Cain Creek, along the wagon road and railroad east of 
Scenic. Here the lower concretionary zone of the Oreodon beds is 
exposed, the upper level developing no nodules in this part of the 
badlands. The collection which Culbertson made for the Smithso- 
nian Institution came from the lower concretionary zone, which is 
the one affording the numerous fossil turtles mentioned by him. 
Xodules are typically developed but are neither as abundant nor as 
fossiliferous as in the upper part of Bear Creek basin. Our own col- 
lections, made from the great “ pocket ” examined by Culbertson, 
and from the bluff’s directly continuous therewith in Chamberlain 
Pass, include Daplia'nus vetus, Hoploplioncus hisolcns, Mesohippus 
bairdii, Oreodon eulbertsoni eulbertsoni, Oreodon culbertsoni pericii- 
loritni; Hyracdoon sp.. Cienopus sp., Ictops dakofensis, Styleiiiys 
ncbrascensis and the peculiar variant of Arclueotherhim iiiortoni 
discussed on a former occasion and to be again mentioned later. 

IL THE FAUXAL LIST. 

In the list which follows, only those forms are included which 
were actually found by us during the summers of 1920-22 in the 
concretionary zones of the Oreodon beds. Omissions indicate merely 
our failure to find specimens. The figures in parallel columns show 
the number of individuals secured. 

Lx)wer Nodular Upper Nodular 

Zone. Zone. 

C-\RNivoR.\ CREoroxi.c: 

HyanoJon crucians Leidy 5 3 

Hyevnodon cruentus Leidy 6 

Hyccnodon horridus Leidy 3 

C.^RxivoR.v Fissipedia : 

Dapbanus veins Leidy and its variants 7 

Daphoenus hartshornianus Cope i 

* Culbertson, T. A., “ Journal of an Expedition to the Mauvaises Terres 
and the Upper Missouri in 1850,” Smithsonian Institution, Fifth Ann. Rept., 
1851, pp. 84-145. 
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Cynodictis grcijarins Cope 3 

Dinictis fclina Leidy 7 

Dinictis squalidcns Cope i 

Hoplophonens prhnaz'iis Leidy 3 

Hoplophoneus robustits Adams I 

Hoplophonens insolens Adams i 

IXSECTIVORA : 

Ictops dakotcnsis Leidy 3 

Rodextia : 

Ischyro/nys typus Leidy 7* * * § ** 

Enmys elegans Leidy it 

Paleeolagus haydcni Leidy 6 


Palceolagits furgidus Cope 
Perissodactyla : 

Hyracodon arcidcns Cope 


Hyracodon nebrasccnsis Leidy i 

Hyracodon aperiiis Sinclair i 

Canopus occidentalis Leidy 2 

Colodon occidentalis Leidy I 

Colodon dakotcnsis Osborn and Wortman . . i 

Mesohippus bairdii Leidy 29 

Artiodactyla : 

Archaothcriuni mortoni Leidy 12 

Archceotherium crassitinc (Marsh) I 


Archaothcrium zvaulcssi Sinclair 2 

Archceotherium sp 

Pcrchocrus nanus (Marsh) 

Agriochccrus antiqui{S Leidy I 

Oreodon culberlsoni culbertsoni Leidy ....32 
Orcodon culbertsoni pcriculorum Cope .... 3 

Oreodon gracilis Leidy 3 

Eporcodon bullatus Leidy 2 i[| 

Lcptonicry.r evansi Leidy 6 

PoehrotheriuiH andersoni Troxell i 

Pocbrothcrium sp 5 

Ayes : 

Birds’ eggs 2 


I 


I 


i§ 


I 

1 

2 
itl 

I 




* One specimen from clays just above lower zone of nodules is here in- 
cluded 

t Specimen of E. elegans was found 30 feet above lower zone of nodules. 

± One specimen here included from clays about 10 feet (plus or minus) 
below upper zone of rusty nodules. 

§ Very large astragalus of an entelodont 6 feet below upper zone of rusty 
nodules. 

*' About in feet below upper zone of rusty nodules. 

1 ] 30 feet above lower zone of rusty nodules. 

** Clays about 10 feet (plus or minus) below upper zone of rusty nodules. 
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Reptilia : 

Peltosaurus granulosus Cope I 

StyU'Diys ncbrasccnsis Leidy l6 2 

III. CRITIQUE OX THE FAUXAS. 

The various elements of the faunas of the two concretionary 
zones may now be examined in detail in the order listed. 

Creodoxts: Hycciwdon. 

Our collections of the past three summers are exceptionally rich 
in remains of Hyccnodon which, strange to say. exceed numerically 
those of the Canidje. \\'e are particularly fortunate in having se- 
cured a number of uncrushed and exceptionally fine skulls, a series 
culminating during the summer of 1922 in a magnificent, complete 
and uncrushed skull of Hyarnodon horridus with articulated lower 
jaws, found by !Mr. T. B. Lawler, whose recent untimely death is to 
be deeply regretted. These specimens illuminate certain points in 
cranial anatomy which have been regarded as important in classifica- 
tion. 

IMr. Thorpe® has recently sought to establish a new genus Neo- 
hyccnodon for the reception of Leidy 's Hyirnodon horridus, propos- 
ing generic characters as follows: “ Larger than Hyanodon, dolicho- 
cephalic, glenoids far below the basicranial plane, basicranial region 
foreshortened, dentition similar to Hyccnodon except for the antero- 
external buttress on the paraconid of mj." The absence of this but- 
tress in H. crucntiis has been asserted by Osborn and Wortman 
and also by Scott. but I find it present, although not prominent, on 
m3 on both sides of the lower jaws of the specimen Professor Scott 
figures as crucntiis in the memoir referred to ( Xo. looio Princeton 
L'niversity Geological Museum), as well as in several other speci- 
mens which I cannot separate from H. cnientus. It is also present 
in H. crucians, the type specimen of H. niustcllinus. the type of H. 
paiicidcns, and in such European representatives of the group {H. 

“Thorpe, M. R., "A New Genus of Oligocene Hya:nodontidse,'’ Ainer. 
Jour. Sci., Fifth Series, Voh HI., No. 16, April, 1922, pp. 277-287. 

“Osborn, H. F,, and Wortman, J. L., Bull. Amcr. JMus., Vol. 6, 1894, 
Table on p. 224. 

. ^ Scott, W. B., Jour. Acad. Nat. Sci. Phila., Vol. IX., No. 2, 1886, Table 
on p. 175. 
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zncIpiiiHs) as I have been able to examine. I have also observed 
it on m2 in the type of H. uiiistdlinus and in unworn teeth of H. 
cntcians, H. cruentus, and H. z'lilpiniis, with faint traces of it on un- 
worn mT in both of the latter, and would expect to find it on the 
unworn anterior molar of the other species. The shortening of the 
basicranial region and elongation of the glenoid pedicel seem to me 
of specific rather than generic significance. Our newly acquired 
skull of Iiorridus is an old individual, with worn teeth and interlocked 
jaws, and measures 320 mm. from prosthion to occipital condyles, 
slightly exceeding in this respect the larger of the Yale specimens. 
The interlocking of the jaws conceals the lower teeth, but the buttress 
is plainly seen in little-worn teeth in another lower jaw of similar size 
(No. 12649). Here the tip of the mandibular angle is decidedly in- 
verted on both sides, as it is also in our large skull, whatever may be 
the situation in the Yale specimen. 

Fortunately, the auditory bullae are preserved on both sides in a 
splendid skull of Hycznodon crucntus (No. 12580 Princeton Uni- 
versity Geological Museum) found by Mr. H. R. Wanless during 
the summer of 1920. The bulla on the left side is in normal posi- 
tion, and is shown, natural size, in Fig. i, where it is seen to be a 
half ring, circular in cross section, the gap in the rim opening out- 
ward and forward, and the whole lying loosely above the deep cavity 
lodging the petrous. I have excavated the auditory region in our 



Fig. I. H i’anodon cruentus, No. 12580. Auditory region of the left side 
seen from below, natural size, showing the semi-circular, loosely attached, 
tympanic bulla lying above the petrous. 

large skull of H. Iiorridus, and find that it agrees structurally with 
the same region in H. cruentus, the ring-like bulla, however, being 
missing, as usual. The petrous crosses obliquely a large deep fossa 
similar to that found in the European hytenodons, specimens of 
which in the Paris museum, Pere Pierre Teilhard de Chardin has 
kindly examined for me and on which he reports as follows : 
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“J'ai cherche sans resultat sur les specimens du Museum le 
detail anatomique que vous desirez connaitre pour les Creodonts 
(Hyajnoduntids et formes voisines). Xuus possedons quatre bases 
de’ crane bien conservees, deux d'Hycenodon, une d'Pti^rodon, une 
d' Qucrcytlieriuni. Aucune ne possede, ou n'a conserve, d’appareil 
ossifie, meme annulaire, autour de la cavite tympanique. Sur Hy- 
anodon, le rocher (‘ petrosum ’) est dans une fosse profonde qui 
suppose I’existence d’une enveloppe, au moins cartilagineuse. Mais, 
sur les fossiles, cette enveloppe a disparu ou s’est detachee, sans 
laisser de trace.” 

Undoubtedly some sort of soft tissue supported the slender semi- 
annular tympanic, roofing over the ragged tympanic cavity as sug- 
gested by Pere Teilhard. With its decay, the ring-bulla readily 
became detached. In fact, on the right side of Xo. 12580 it occupies 
practically a vertical position, and has not been observed at all in any 
other skull in our collection. 

Great variation occurs in the extent to which the posterior nares 
are roofed in by the palatines and pterygoids both in H. crucians and 
H. cruentus. In some specimens a deep narrow notch extends for- 
ward between the palatines, well anterior to the suture between the 
latter and the pterygoids, while in others the palatines are in contact 
throughout, or but slightly notched posteriorly, and only the ptery- 
goid processes separated by a notch. Confining the census to our 
new material, this deep notching occurs in one of four specimens of 
H. cruentus and in two out of four specimens of crucians, and 
renders doubtful the specific distinctness of H. leptocephalus Scott, 
in which the palatines are described as “ in contact throughout ; 
pterygoid plates of alisphenoids meeting below.” One specimen 
showing the juncture of the pterygoids posterior to the suture is 
noted by Thorpe in the Yale collection, so that this variation is fairly 
common, although less so than the others. If leptocephalus is re- 
tained, then both the deeply notched and shallow notched variants of 
crucians and cruentus are entitled to names, which seems like forcing 
matters unduly. 

Both H. paucidens and H. mustellinus are Oreodon beds forms, 
the latter from the lower Oreodon beds in Corral Draw (not lower 

Scott, W. B., Bulletin of the Mus. of Comp. Zoology, Harvard, Vol. 
XIII., No. S, p. 152 , Fig. I. 
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Protoceras beds, as announced in the type description),^^ and, to 
judge from the matrix, probably from the lower concretionary zone. 

Apart from these two forms, there seems to be little tendency 
towards the development of transitions in size between the three 
common species, which form categories well separated in size, with 
the exception of our Xo. 12539, which is not separable from H. 
crucntus by any character other than size, but is distinctly smaller 
than the average in that species, although much larger than crucians, 
as will appear from the following measurements : 



H. crii' 

H. crii- 

H. crii- 

H . cm- 

H . crii- 

H. cru- 


clans. 

eniiis. 

entiis. 

entus. 

entus. 

entus. 



(small) . 






No. 

No. 

Xo. 

No. 

Xo. 

No. 


12540. 

12539 - 

12521. 

1 

125S0. 

10995. 

lOOIO. 

Length p4-m2 

73-5 mm. 

99 mm. 

1 14 mm. 

109 mm. 

106 mm. 

107 mm. 

pi -4 

48 

62.5 

68 

71 

670 

67 

*' mT-2 

25-5 

36.3 

46 

38 

38. 5 

40 

P 4 ... 

12 

16.S 

— 

19 

20 

18 

m2 

14 

22 

29 

24-3 

24 

23 


Dogs: Daphccnus and Cynodictis. 

I have experienced considerable difticiilty in formulating conclu- 
sions regarding the species to which our specimens of the larger 
dogs of the genus Daphccnus should be referred. The differences 
involved, and the melange of characters in the various specimens, all 
of which are contemporary and from the lower concretionary zone, 
seem to be comparable to the case of the smaller entelodonts of 
the genus Archccotherhim discussed on a former occasion and re- 
ferred to on a later page of the present paper. Possibly a similar 
explanation will apply here. For reasons which will appear later, I 
have adopted the expedient of referring all of them to Leidy’s D. 
vctus. 

Taking dental characters first, the newly acquired Princeton 
material presents an interesting series of contemporary variations 
shown in Fig. 2. Some of these cannot be fitted into the existing 
classification. Among them, our X"o. 12587, Fig, 2, in the length of 

“ Scott, \V. B,, “ The Osteology of Hyanodon," Jour. Acad. Nat. Set., 
Phila., Vol. IX , p. 500. 
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the upper molar series and in the dimensions ot their crowns, ap- 
proaches closely Leidy’s fragmentary type of Daphanus veins, 
where the last molar " has a small transversely oval crown with two 
tubercles and is inserted into the jaw by a single fang,” which 
agrees closely with the situation found in our Xo. 12587 except that 
in it the outer tubercle is smaller than the inner, while in Leidy’s 



/ 26 -^ 8 . iZSBJ 


Fig. 2. Dapiiccnus veins Leidy. Comparative series of p3 (upper row) 
and associated m3 (lower row) to show variation in crown pattern, natural 
size. ~ 


type, both seem to have been alike. The latter lacks all the anterior 
teeth including p3 which, in our specimen, shows the posterior half 
of the crown bulged inward broadly at the base. A second variant, 
also with small single-rooted third molar (Xo. 12635. Fig. 2). has 
this inward bulge greatly intensified and centrally placed opposite the 
main cusp, not supported by a separate root, but by a widening of the 
posterior root of p3. Here m3 shows a small posteroexternal cusp, 
so that the outer part of the crown is wider than the inner. A sim- 
ilar maximum bulging of the inner side of p3 is found again in our 
Xo. 12648, Figs. 2 and 3. but here 1113 was double-rooted, the alve- 
olus for the inner fang being larger than the outer. The dimensions 
of its crown probably did not exceed those of Xo. 12635. In the 
matter of double-rooted third molar, and in other respects to be 
indicated later, it agrees with Hatcher's Praam phi cyan ncbrasccnsis 
which, to judge from Hatcher’s figure,^® lacks all trace of internal 

“Leidy, J., “The Extinct Mammalian Fauna of Dakota and Nebraska,” 
PL I., Fig. 5. 

“Ibid., p. 34- 

“Hatcher, J. B., “ Oligoccne CanidK,” Mem. Carnegie Mils., Vol. I., No. 
2, p. 98, Fig. 7. 
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bulge in p3. Finally, a fourth variation appears in Xo. 12651, Fig. 
2, where m3 has two outer cusps, is quite large and apparently single- 
rooted, and the sliape of p3 agrees closely with Hatcher’s figure of 
the specimen referred by him to Daphcenus felinus.^' In only one of 
our new specimens, Xo. 12635, the canine retained undamaged, and 
is there long and compressed with posterior cutting edge, as in P. 
ncbrasccnsis Hatcher. In all, the upper sectorials are of the type 
shown in Fig. 2, Xo. 12635. Fig. 3 the external concavity of their 
shearing blade has been somewhat masked by fracture of the tooth 
crown and displacement of the broken parts by matrix. If these 
differences in tooth structure are to be regarded as specific, cer- 
tainly one, and perhaps two, new species will have to be admitted, 
for neither Xo. 12635 *^ 0 ^' hlo. 1264S agree with anything previously 
described, and differ from each other in the number of roots sup- 
porting m3. 

I have also attempted, without success, to use the structure of the 
auditory region for classification purposes. This area is exception- 
ally well preserved in many of our new specimens and might be 
assumed to afford constant characters. These large daphsenids un- 
doubtedly had a loosely attached auditory bulla, now lost in all our 
material. Complete bulke are preserved in several specimens of the 
smaller species, D. hartshoniianus, in the American Museum collec- 
tion and a partial bulla was figured by Professor Scott in his memoir 
on the White River Canidte.'*® This figure is indefinite in the details 
of the mastoid region, which has, subsecpiently, been more elaborately 
figured by Hatcher, but unfortunately from a distorted specimen. 
In Fig. 3 I have attempted to show it as seen in an undistorted and 
uncrushed skull lacking the bullie, No. 12648, from the lower concre- 
tionary zone in Corral Draw. Comparison with Hatcher’s figure just 
referred to will show a number of striking differences. With regard 
to these, Mr. O. A. Peterson informs me that the condylar foramen 
in Hatcher’s drawing is represented too far forward, and that crush- 
ing seems to have affected the size and probably the shape of the 

” Loc cit., PI. XVI,, Fig. 5. 

Scott, W. B., “ Notes on the Canidae of the White River Oligocene,” 
Trans. Am. Phil. Soc., Vol. XIX., PI. XIX., Fig. 4, 

“ Loc. cit., p. 74, Fig. 3. 
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reniform fossa, which is smaller and of different shape on the left 
side. “ a feature not as faithfully indicated in the illustration re- 
ferred to as might have been,” and other errors are involved in his 
PI XVI., Fig. 5, which, so far as the basicranial foramina and the 
tympanic’regron me concerned, “ is not to be too much relied upon.” 
Similar lettering has been used for the cranial foramina in Fig. 3 
to facilitate comparison with Hatcher's drawing. Fortunately, such 




Fig 3. Daphanus rctus Leidy, No 12648. Side and palatal 
crushed sLll, one half the natural size, drawn from P’;°‘°Sraphs and ; 

men. us, Ali.sphenoid canal; fo, foramen ovale; Pj,. f., 
f.l.m, supposedly the foramen laccrum medium; /c. f 

fenes ra ovalis is not visible in palatal view in this skull, but lies in the dark 
shadow on the outer side of the petrous, where there are two on h 

left side and one on the right) ; s.m.f., / .eTforrn 

foramen perforating mastoid; pr., petrous; jugular foramen, r.f., reniform 

fossa; c.f., condylar foramen. 
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of our new specimens as retain the auditory region show no crushing, 
and comparison may be made directly with them. In No. 12648, 
illustrated in Fig. 3, the reniform fossae are small, and the broad ex- 
panse of mastoid surface back of the petrous promontory and be- 
tween the mastoid and paroccipital processes is unbroken, except for 
a small, circular foramen, ( ?) in my drawing, and also shown, but 
not named, in Hatcher’s figure. In most specimens of Daphaniis, 
both large and small, this region is penetrated by a large, irregular, 
often smooth-lipped vacuity. A transitional condition is found in 



Fig. 4. Daphccnns I'ctus Leidy, No. 12648. Back of the skull, one half 
natural size, showing the high sagittal crest. 

our No. 12587, which, as will be recalled, more closely resembles the 
type of D. veins than do the others, and which shows, on the left 
side, a small foramen perforating the mastoid, as in No. 1264S, while 
on the opposite side there is a considerable vacuity replacing the 
foramen. The reniform fosste also vary greatly in shape in the dif- 
ferent specimens, and I am forced to the conclusion that little de- 
pendence can be placed on the structure of the auditory region in the 
matter of species making. 

In the complete and uncrushed skull shown in Figs. 3 and 4, the 
sagittal and occipital crests are seen to be high and sharp, as in 
Hatcher’s Proauiphicyon ncbrascensis™ which, by the way, does not 
seem to me worthy of a generic rank separate from Daphccnus, but 
to present characters no farther removed from it than those discussed 
above under dentition. Both canines in the specimen figured were 


^ Loc. cit., p. 96, Fig. 6. 
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weather-damaged previous to fossilization. and I have increased their 
length, in outline, to approximate those of X'o. 12635 alreadv de- 
scribed. 

It is perfectly obvious thus far that differences between indi- 
viduals multiply as more specimens become available, and the pos- 
sibility of adding to the nomenclature seems limitless. I am there- 
fore disposed to expand our conception of D. z'ctits Leidy to include 
these various ( probably intercrossing) strains, among them Proaiii- 
phicyon ncbrasccnsis Hatcher, which, by the way. is from the Oreo- 
don beds. 

hen a series of lower jaws is examined, intergradations are no- 
ticeable in the size and strength of the mandibular ramus, the sin- 
uosity of its ventral border, and the degree to which the posterior 
lower molar and the anterior border of the ascending ramus are ap- 
proximated. as also in the size of the teeth themselves, which inclines 
me to question the possibility of separating species on these grounds, 
and so of distinguishing between D. z'ctiis Leidy and D. fclinus Scott. 

I have no new data to otYer regarding D. Itartslioniianus Cope 
which, by some chance, is represented in our new collections by but 
a single specimen of a rather small individual from the lower con- 
cretionary zone. I am not convinced of the desirability of referring 
it to the genus Protonnocyon as proposed by Hatcher.-^ 

No additional light is thrown on Cynodictis by the collections of 
1920 to 1922. Earlier Princeton e.xpeditions have found the com- 
mon species, Cynodictis grcgariiis Cope, represented in the Oreodon 
beds by a comparativelv large number of specimens, usually skulls. 
By some chance, only one fairly complete skull, with attached lower 
jaws, and two other very fragmentary skulls, were secured by us 
during the past three summers of field work. All are from the lower 
concretionary zone and from the Corral Draw-Little Corral Draw 
area. 

C-VTS : Dinictis and Hoplophoncus. 

All specimens referable to Dinictis in our 1920-22 collections are 
from the lower noduliferous zone, and fall naturally into two dis- 
tinct and sharply contrasting size groups, identified as Dinictis fclina 

^ Loc. cit., p. 104. 
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and Dinictis sqitalidtus respectively, the former, as indicated in the 
list, represented by a larger suite of specimens ; the latter, by a single 
specimen. No, 12573, from the lower concretionary zone in the drain- 
age basin of Bear Creek, 5,1 miles south of Scenic, along the Res- 
ervation road. This individual was somewhat smaller in tooth di- 
mensions than the specimen (No, 11379 Princeton University Geo- 
logical IMuseiim) referred by Adams to squalidcns, as indicated in 
the appended table of measurements, but I do not think these suffi- 
cient to affect the specific reference, 

N'o I,!573' Vo lljTO- 


Upper premolar — molar series, length 37 mm, 41 mm. 

Upper sectorial, length anteroposteriorly 16 18.3 

Lower premolar-molar series, length 44.5 48 


Apropos of Mr, Thorpe’s-- identification of Pogonodon in the 
White River {Pogonodon cismontanus) , it may be of interest to 
note that one of the above-mentioned specimens of Dinictis felina, 
No. 12698, a lower jaw with back of skull, has no trace whatever of 
the metaconid on the right sectorial molar, and only a small meta- 
conid on the opposite side. MT is still retained on both sides, 
although small and crowded completely to the inside of p4 on the 
right side, overlapping the latter tooth. Its loss would convert the 
right side of this jaw into a Pogonodon, in which direction, appar- 
ently, some individuals of Dinictis fclina were varying. 

A number of finely preserved skulls of hoplophonids of inter- 
mediate size from the lower concretionary zone, obtained principally 
by the 1922 expedition, make possible the recording of a larger series 
of measurements than has hitherto been available. The genus is so 
well known that 1 have not attempted detailed drawings, and merely 
present outlines in Figs. 5 and 6, to give the general proportions of 
two of the skulls which I desire to discuss, depending on the table 
of measurements for exact dimensions, where figures for two skulls 
in the Yale collection, taken by Mr. Thorpe"® as the types of Hop- 
lophoneus latidcns and Hoplophoneiis inolossiis, have been placed in 
parallel columns with similar measurements of five skulls in the 

“ Thorpe, M. R,, “ New Species of Oligocene (White River) Felidae,” 
Afji. Jour. Sci., Vol, L, Sept., 1920, p. 222, 

“ Thorpe, loc. cit., pp. 207-224. 
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Princeton collection, ol which Xo. 11013 is the one used by Adams 
in further defining Hoplophoncus frimcevus. H. molossus Thorpe is 
smaller in skull length, tooth row and various other measurements 
than the other skulls in the series, although exceeding certain of them 



Fig. 5. lloplophomus prinio'Z'us Leidy, No. I-7SO. Side view of the skull 
and jaws two thirds the natural size. P3-rrn have been outlined from the 
opposite side. Drawn from a photograph and the .specimen. 


in various respects, while our No. 12749 (.Fig. 6) is. in general, 
larger. The others, including H. latidcns Thorpe, agree so closely 
in size with Adams’ specimen of H. primavHs and with the smaller 
of the two skulls figured by Leidy on PI. 4 of the Ancient Fauna 
that I see no reason for referring them elsewhere than to that species. 

When arranged serially with reference to skull lengths, this 
newly acquired Princeton material is found to intergrade in size 
between H. primeevus and H. rohustus. as follows : 

’“Adams, G. I., Amcr. Jour. Sci., 1896, pp. 419-444. 

8 
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/2y4-f. 


Fig. 6. Hoplophoncus robustus ? Adams, No. 12749. Side view of the 
skull and lower jaw, two thirds the natural size. Center of arch reconstructed. 
Drawn from a photograph and the specimen. 


H. orcodontis Cope, length pmx.-condyles 135 mm.* 

H. primai'us Leidy, length pmx.-condyles 148 f 

H. primavits Leidy. No. 12542, length, pmx.-condyles 134 

H. primaz’us Leidy, No. 12750, length, pmx.-condyles 137 

H. primcet'us Leidy, No. 12750a, length, pmx.-condyles 165 

H. robustus ? No. 12749, length, pmx -condyles 174 

H. robustus Adams, length, pm.x.-condyles 180 * 

H. insotcns Adams, length, pmx.-condjdes 190 * 

H. occidcntalis Adams, length, prax -condyles 260 * 


This is precisely what has so often been claimed would happen 
if a sufficiently large series of specimens was available : the breaking 
down of specific distinctions and the merging of species with species. 
In this connection the data jiresented by A. A. Dunbar Brander in 
his recent book “ Wild -\nimals in Central India,” for size variation 
in the modern tiger and leopard, are of interest and may well sug- 

* Fide Adams; j 151 mm. in No. 11013 Princeton University Geological 
Museum. 
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gest caution in the erection of species on a dimensional basis. The 
leopard seems to be particularly variable in this respect “ as mature 
animals not much bigger than the largest of cats up to animals which 
bear comparison with small tigers are sometimes met with.” 

Two of our newly acquired skulls. Xos. 12750 and 12750a, here 
identified as Hoploplioncus priinccvus, were found less than a foot 
apart, intermingled with parts of both skeletons, in a large nodule 
of cemented clay-pellet conglomerate in the lower concretionary zone 
in Battle Spring Draw (Xevis Creek). One of the skeletons has 
been mounted and is shown in Plate I.. Fig. 2. The skulls differ 
from each other slightly in size, dimensions of the sabre, weight of 
the supraciliary ridges, depth of frontal depression between the 
orbits, and rugosity of the mastoids, and I have assumed that the 
smaller and more perfect skull, shown in Fig. 5 and Plate I.. Fig. 2, 
was perhaps a female. Possibly the pair were mates, drowned to- 
gether. Dift'erences in the shape of the obturator foramen in the 
pelves support the idea of a sex difference. Xeither skull is at all 
crushed, although both have required some mending and a minimum 
of reconstruction from the opposite side to supply missing parts. In 
the prohle, Fig. 5, no reconstruction is involved, except sketching 
p^-m_i from the opposite side. Measurements of a few of the asso- 
ciated limb bones show them to be a little shorter than the figures 
given by Adams for H. priiit<x-z-iis (Xo. 11013 Princeton University 
Geological IMuseum) as follows: 

Xo. 12750. Xo. 11013. 


Femur 172 mm. 185 mm. 

Tibia 139 143 

Humerus 153 160 

Radiu.s 117 122 


Both of these skulls are of interest in showing minor dental 
anomalies. Xo. 12750 has an extremely small first upper premolar 
on the left side, resembling a small incisor, single-rooted, with 
obliquely placed crown, situated close to the canine and sloping for- 
ward, while in Xo. 12750a, where no trace of this tooth appears, the 
second premolar is double-rooted on the left side and single-rooted 
on the right. The dependent flanges in the jaws associated with 
these skulls are very deep, with round ends, a sort of small-sized 
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edition of the form I have named Hoplophonciis )iic!italis from the 
Titanotherium beds."'' Variations also appear in the shape of the 
heel of the lower sectorial, which is very small and without posterior 
basal cuspule in a right ramns, and larger and slightly notched by 
the development of such a cuspule in what appears to have been the 
opposite half of the same jaw, as shown in Fig. 5. 

Adams’ illustrations of the skull of H. primccvus are mis- 
leading in that he has figured a somewhat vertically crushed skull 
which lacks the top of the head and the sagittal and lambdoidal 
crests. The dorsal profile of the skull, represented bv him, is incor- 
rect, producing a hammer-headed effect quite noticeable in skulls 
which lack these crests ; for example, those shown in Leidy’s plate."' 

A somewhat larger skull, with associated lower jaw. No. 12749, 
is shown in Fig. 6. The center of each arch has been reconstructed, 
but otherwise the skull is entire on the side shown in the drawing, 
and is quite uncrushed, with the margins of the crests unbroken. 
This specimen, from the lower concretionary zone in Corral Draw, 
approaches closely in size the type of Adams’ Hoplophonciis ro- 
bustiis, the larger skull figured by Leidv on PI. IV., Fig. I. of The 
Ancient Fauna, with which it also agrees in a somewhat greater con- 
cavity of the facial profile anterior to the orbits and stronger frontal 
bulge than is found in No. 12750. The lower jaw has a less deep 
flange than in the latter, although the length of the jaw is greater, the 
coronoid process has less backward slope, the angle is greater, and in 
the lower sectorial there is a small basal cuspule in addition to the 
metaconid. but how constant this might prove to be. in view of the 
variation noted above in connection with No. 12750, is questionable. 
An interesting dental anomaly is found in the right ramus of the 
lower jaw, where a pair of roots, evidently for the support of p2, are 
found, 9 mm. in advance of p3 and occupying a space 4.3 mm. in 
length. No trace of a corresponding tooth appears on the opposite 
side where the jaw margin is thin and sharp. I have indicated its 
position in Fig. 6 by a pair of pointers and the appropriate lettering. 

■"Sinclair, W'. J., “A New Hoptophoneiis from the Titanotherium Beds,” 
Proc. Aincr. Phil. Soc., Vol. LX., No. 2, 1921, pp. 96-98. 

^ Am. Jour. .Sci., 1896. Pis. X. and XL, opposite to p. 444. 

Ancient Fauna, PI. XVUI., Fig. i ; Extinct Alammalian Fauna, PI. IV. 
Fig S- 
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* Lengthened unduly by fracture; f Condyle .slightly displaced upward in nialri.x, .shortening basion-nasion and hasion- 
bregma diameters. 
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Measuremexts {continued) . 
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Individuals with vestigial teeth similar to those here described serve 
to bridge the gap between Hoplophoncus and Dinictis. 

Hoplophoneus oreodontis Cope, the type of which, by the way, 
is from the White River formation of northeastern Colorado and not 
from the John Day. as stated by Mr. Thorpe.-^ was suggested by 
Cope as possibly only a regional variety of H. priiiuevus. The 
specimen described and figured by Adams ('No. 10515 Princeton 
University Geological Museum) was obtained by purchase from L. 
W. Stilwell. and on i\Ir. Hatcher’s index card is entered as from the 
Oreodon beds, South Dakota Badlands, locality unknown. As is 
indicated on an earlier page, it constitutes the minimum terminal 
member of a size variation series, and whether a regional variety of 
primccviis or a distinct species, I have not been so fortunate as to 
find anything referable to it in our recent work, or to Thorpe’s Hop- 
lophoncus inarshiH a small form of about the size of H. oreodontis 
and supposedly from the Oreodon beds. 

large cat. No. 12590, with a skull length ( premaxillas to con- 
dyles inclusive) of approximately 191 mm., from the lower nodular 
zone in Chamberlain Pass, east of Scenic, agrees so closely in this 

^ Amer. Jour. Sci., Vol. L., Sept.. 1920, p. 214. 

“'Tertiar\' Vertebrata, p. 997. 

“ Loc. cit., p, 429, PI, XL, Fig. 2. 

^’Thorpe, loc. cit., pp. 211-214. 
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dimension with H. insoicns Adams that it may be referred there. 
Just what a series of skulls of some of the larger hoplophonids would 
show in the matter of size transitions remains, for the present, a 
matter of interesting speculation. 

IxSECTIVORES : IctOpS . 

So far as I can see, there are no specific differences between the 
suites of insectivore specimens from the two levels, nor anything 
which would warrant their reference elsewhere than to Ictops dako- 
tcnsis. There are some individual differences in size, but that they 
have specific significance is not apparent. 

Rodexts : Ischyromys, Euiiiys, Palceolagns. 

Rodents are, undoubtedly, more abundant than the scarcity of 
specimens in the lists would indicate. Particularly must this be true 
of the murines {EHinys and perhaps others not yet discovered), 
frequent scorings by their small incisors appearing on all sorts of 
bones. Possibly Sfencofiber nebrasceitsis Leidy should have been 
added to the fauna of the lower concretionary zone. A fair skull, 
presented to us by Mr. Walter E. Brown of Interior, was found by 
his children perhaps in the Lower Oreodon beds on one of the low 
buttes on his ranch. The small amount of adhering matrix contains 
a good deal of coarse quartz sand, mica foils, etc. In view of the 
uncertainty of the specimen’s stratigraphic position, I have omitted 
the name from the lists. It evidently came from the White River 
series, and the form appears to have been rare. 

Perissodactyl Ungulates. 

I. Hyracodon. 

In contrast with the smaller entelodonts, the hyracodons present 
an orderly contemporary series of progressive mutations, in the di- 
rection of complete molarification of the pattern in the upper pre- 
molars, something already achieved in 92-4 of the milk dentition. 
Material is not yet available for determining to which one of the 
four species I have recognized, if species they are, these milk denti- 
tions pertained. So far as the adult dentition is concerned, the 
changes in premolar pattern discussed and fully illustrated else- 
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where are consistently alike on opposite sides of the palate in all the 
specimens which I have examined, not varying irregularly as is 
sometimes observable in other of the rhinoceroses ; and, while the 
structural changes to which specific names have been applied are 
small, they are nevertheless in sharp contrast with each other, 
whereas the size differences within each specific group intergrade by 
small increments, except in the case of Hyracodon Icidyanus. here 
due in all probability to a lack of specimens. This intergradation in 
size, without change in structure, has led me to discard Mr. Troxell’s 
Hyracodon sclenidcns as a separate species, placing it as the mini- 
mum size variant in the Hyracodon arcidcns series. Our 1922 col- 
lection has yielded, from the lower concretionar}' zone in the Oreo- 
don beds in Quinn Draw, Washington County, a specimen, No. 
12765, agreeing closely in size with Mr. Troxell's H. selenidens 
(lengths, upper premolar series 60 mm., upper molar-premolar series 
III, lower molar-premolar series 108.5), dimensions which fit in 
nicely in the table of size variations referred to.^^ 

2. Ccrnopits. 

I refer our two rhinoceros skulls from the lower concretionary 
zone to Cccnopiis occidcntalis Leidy because they agree in premolar 
pattern with the skull figured by him on PI. XII., Ancient Fauna, 
and referred to this species, which was originally established upon 
several small fragments of molar teeth. We must not overlook Dr. 
Leidy’s privilege of redefining his species in terms of other and bet- 
ter specimens, and this hautotype skull can hardly be characterized 
as " not adequate nor dependable ” as i\Ir. Troxell expresses it in 
his endeavor to substitute Cccnopns copci for Leidy’s classic species. 
If Cccnopns copci is “barely distinguishable from C. occidcntalis 
except in size ” as iMr. Troxell states, our commonly accepted rules 
of priority do not permit the substitution of the former name for the 
latter because based on a better specimen. \Wth all due deference 
to iMr. Troxell’s opinion to the contrary, I find Leidy’s figure both 
adequate and dependable for the identification of our newly acquired 

Sinclair, “ Hyracodon, &c.,” loc. cit., p. 68. 

“Troxell, E. L., “ Casnopus, The Ancestral Rhinoceros,” Am. Jour. Set., 
July, 1921, p. 44. 
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material of which the best preserved skull. Xo. 12634. differs from 
the figure just referred to in having a prominent cylindrical style 
replacing the cingulum at the entrance to the transverse valley in m3, 
whereas in Leidy's plate there is a heavy cingulum shown at this 
point. 

3. ColodoH. 

Jaw fragments determined as Colodon dakotcnsis from both the 
nodular zones are practically identical with specimens already in the 
Princeton collection, discussed some years ago by iMr. Hatcher. 
He was in error, however, in his definition of the genus in ascribing 
to it but two lower incisors. The specimen on which his definition 



Fig. 7. Colodui! OLCidcntalis Lcidy. No. 12700. Palatal view, three 
fourths the natural size. 


is based, and which he figures with but two incisors, shows part of 
the alveolus for the third incisor and this tooth is present in the 
lower jaw of a specimen of the smaller species, C. occidcntalis, in the 
collection of the American iMusetim. No figures of the upper denti- 
tion of C. occidcntalis have been published other than the drawing 
of C. procHspidatus O. and \V.=" which Hatcher referred to occidcn- 

°*A»i. Jour. Sci., 1896, p. 169. 

“ Osborn and Wortman, “ Perissodactyls of the Lower Miocene White 
River Beds," Bull. Anier. Mus., Vol. VII., 1895, p. 36s, Fig. 8. 
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talis. An incomplete palate. No. 12700 Princeton University Geo- 
logical Museum, from the lower concretionary zone of Quinn Draw 
basin, Fig. 7, is of a size to fit lower dentitions referred by Hatcher 
to Colodon ocddcntalis and probably belongs to that form. It is of 
interest in showing for the first time the width of the palate, the 
length of the diastema, and all the teeth, mi excepted, on either one 
side or the other. The incisors are horse-like in the presence of a 
shallow central cup, too shallow to form a “ mark ” as the tooth 
wears. The irregular palatal margin on a line with p4-mi is due to 
fracture, and does not mark the position of the posterior nares. 

MeAS UREMEXTS. 


1 17111^, length 132 mm. 

Diastema, length 20.5 

Premolar series, length 41.5 

Molar series, length 46 


4. Mcsolitppus. 

Mesohippus bmrdii is certainly the commonest and. to judge 
from our collections of the past three years, the only species of horse 
in the lowermost 100 feet of Oreodon beds in the South Dakota 
Badlands. I am wholly unable to determine at what level the transi- 
tion from Mesohippus to Miohippus occurs. .All the specimens col- 
lected by us in the upper concretionary zone, while comparatively 
few in number, are indistinguishable from typical M. bairdii. 

.Although all our horses from the concretionary zones are ref- 
erable to bairdii, it by no means follows that all accord strictly in 
dental pattern with the type of that species, as the series of unworn, 
or but little worn, third molars, illustrated in Fig. 8, will show. 
These specimens which differ strikingly in the shape of the hypo- 
style, development of rudiments of the crista, forking of the tip of 
the mataloph, etc., are all from the lower concretionary zone, and 
come as close as possible to being a contemporary assemblage. I 
have confined myself to the third molar, not because it possesses 
any inherent virtue, but because, being the latest erupted, it is un- 
worn in many specimens and shows details soon obliterated by use. 
The hypostyle in the molars of Mesohippus is a recently acquired 
character, appearing first in certain Titanotherium beds species, and. 
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in bairdii, it still seems to be seeking for expression, not having 
settled down to a fixed policy, as shown in Fig. 8. where some, not 
necessarily all. of the different forms assumed by this cusp, in com- 
bination with other features, are illustrated. 



X l‘/z 


/ZSOI, X / ^ 


/ZSOQ , X/^. /2S4-/ , X /'/s. 


Fig. 8. Mcsohifpus bairdii Leidy. Series of upper rn 3 to show variations 
of hypostyle, etc. One and one half times the natural size. Specimens in the 
Geological Museum of Princeton University. 


In No. 12586, left m3. Fig. 8, the hypostyle is cupped by the de- 
velopment of a pli-hypostyle enclosing an elongated depression. 
There is a rudimentary crista and the tip of the metaloph is forked 
to form a small pli prefossette and pli postfossettte. but the cup of 
the hypostyle may be nearly circular, and the tip of the metaloph 
unforked, as in our No. 12572. 

In No. 12501, left rn3. Fig. 8, the hypostyle is a sharp spur-like 
prolongation of the cingulum, extending forward with no trace of 
cupping. The tip of the metaloph is unforked and separate from the 
ectoloph and there is the rudiment of a crista but the same type of 
hypostyle mav be associated with slight forking of the end of the 
metaloph (left m3 in No. 12505), or the hypostyle may develop a 
smaller spur than in No. 1250S. Fig. 8, the other structures remain- 
ing unchanged (right m3 No. 12505). 

In No. 12508. Fig. 8, where the right m3 is drawn reversed, the 
hypostyle has a prominent outwardly directed spur, and the metaloph 
is confluent .with ectoloph by a narrow bridge. In this tooth the 
points of the para and metaconids have been damaged by fracture. 

In No. 12341, left m3. Fig. 8, and other teeth of similar pattern, 
the hypostyle is a triangular area with irregular rugosities, wearing to 
a truncated cone, sometimes joined by a narrow isthmus to the rest 
of the posterior cingulum. The metaloph is sometimes fused with 
the ectoloph, sometimes not. 
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If these are to be regarded as individual variations, as seems 
probable in view of the close agreement of all the specimens in 
size and structure with 47. bairdii and their close contemporaneity, 
all being from the lower concretionary zone, it would seem probable 
that M. trigowstylus Osborn, which is based on a specimen with 
hypostyle comparable to Xo. 12508, Fig. 8. will have to be regarded 
as conspecific with bairdii. The type of this species is “ from the 
4Ietamynodon sandstones in the middle Oreodon beds.” ''' As 
shown in IMr. Wanless’ paper, the ^Metamynodon channels all lie 
below the upper concretionary zone. A second form. Mcsoliippits 
obliqitidcns Osborn, the type of which is “ from the nodular layer 
in lower middle layer of the Oreodon beds; specimen covered by 
ferruginous oxide,” has long since been regarded by Dr. ]\Iatthew 
as conspecific with bairdii, so that the latter, as already intimated, 
seems to stand alone as the only equine species in the lower Oreodon 
beds so far as the South Dakota area is concerned. 

Artiodactyl Uxgulates. 

I. Archcvotlicriuin. 

Heavy rains during the winter and spring of 1921-22 washed 
out from the loose surface clay the missing tip of the left cheek 
flange pertaining to the rather remarkable entelodont skull No. 
12624, collected by Air. H. R. Wanless during the previous summer 
from the clays of the lower concretionary zone at Culbertson’s lo- 
cality on Bear Creek, northeast of Scenic in Pennington County. 
This specimen I have already described and figured, referring it 
to Arclucotheriiim mart ant A corrected figure, showing the 
complete cheek flange, is presented herewith, Fig. 9. If taken by 
itself, this specimen would constitute a perfectly good species dif- 
fering from the majority of the specimens of .7. mortoni in skull 
length, size of the cheek flange, molar pattern, and premolar spacing. 
Only by a wealth of contemporary material has it been possible to 
work out the anastomosis of characters described in the paper just 
referred to, which has led me to visualize A. mortoni as made up of 

““ " Iconographic Revibion,” p. 47. 

Ibid., p. 48. 

^ Proc. A liter. Phil. Soc., Vol. LXI., p. 53 et seq. 



COXCRETIOXARY ZOXES OF THE OREODOX BEDS. 125 


a number of interbreeding strains which differ from each other by 
various small unit characters, singly or in combination. It is en- 
tirely possible that the same conception should be applied to certain 
of the larger species of the genus, thus far described from the Oreo- 
don beds, and that the matter may be further complicated by sexual 
dimorphism affecting the shape of such excrescences as the cheek 
flanges and chin processes, but adequate data in the shape of a large 
suite of contemporary specimens of the larger forms are not yet 
available for discussion. 



Fig. 9. Archccothcrium mortoni Leidy, No. 12624. Corrected drawing 
showing the complete cheek flange, about one fifth the natural size. View not 
in absolute profile. 


Thus far ArcJiccothcrium is the only entelodont genus found in 
the Titanotherium and Oreodon beds, but probably occurs also in the 
Protoceras-Leptauchenia beds, as indicated by a fine skull from this 
level in the collection of the Field Museum, no description of which 
has yet been published. A. mortoni is certainly common to the Ti- 
tanotherium and Oreodon beds, as also seems to be true of the large 
form for which I have proposed the name A. scotti and which I 
think is represented by a somewhat crushed skull and jaws. No. 572, 
in the American iMuseum, collected by their 1882 Expedition from 
the upper Oreodon beds. As revised to date, the list of entelodont 
species from the Oreodon beds reads as follows : 

“Proc. Am. Phil Soc., Vol. LX., No. 4, 1921, p. 468 et seq. 
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1. From the Lower Concretionary Zone: 

A. mortoni Leidy and its variants. 

A. crassiim ? Marsh. 

. 'tt' anlcssi Sinclair. 

2. Probably from the Lower Concretionary Zone, and certainly from 

the lower Oreodon beds : 

A. ingcns Leidy (identified on the basis of the chin processes). 

3. Cpper Oreodon beds, and presumably lower Oreodon beds also, 

as the tvpe is from the upper Titanotherium beds ; 

A. scott'i Sinclair. 

4. From the Upper Concretionary Zone: 

A. mortoni. 

2 . Perchocnis. 

Fragments of a lower jaw. No. 12736, from the upper concre- 
tionary zone on Cottonwood Creek in Washington County, agree 
so closely in size and structure with the type of I^Iarsh's Perclicerus 
(Tliinohyiis) nanus*'' that I have no hesitancy in so determining 
them. It is a small peccary, smaller than Leidy 's P. probus. 

A few teeth from the upper Oreodon beds in the vicinity of 
Cedar Pass, near Interior in Jackson County, are probably referable 
to P. probus, with which they agree fairly well in size. The Prince- 
ton collection does not contain sufficient peccary material from defi- 
nitely known horizons in the Oreodon beds to work out the range in 
time of the above species. Their presence or absence in the nodular 
zones is probably controlled largely by the chances attending the col- 
lection of rare material, but may reflect differences in local habitat. 

3. Agriochccrus. 

No new data are available regarding the stratigraphic range of 
the two known species of Agriocharus from the Oreodon beds. 
Abundant teeth and other fragmentary materials occur in the lower 
nodular zone, but complete skulls are rare, only one being secured 
with the smaller type of distended auditory bulla characteristic of 
A. antiquus. Both A. antiquus and A. latifrons are represented in 
the older Princeton collections from the Oreodon beds, but precise 
stratigraphic data regarding their position in the field are lacking. 

Amer. Jour. Sci., Vol. XLVIH., Sept., 1894, P- 271, Fig. 28. 



CONCRETIONARY ZONES OF THE OREODON BEDS. 127 


4. Oreodon and Eporeodon. 

The lower clays of the Oreodon beds, and especially the lower 
zone of rusty nodules, is the level par excellence of Oreodon culbert- 
soni eulbertsoni Leidy, and might well be designated the Oreodon 
eulbertsoni eulbertsoni zone were it not for the fact that the species 
is not strictly confined to this level, ranging downward into the upper 
Titanotherium beds, as shown by a single specimen with the rugged 
type of bulla characteristic of 0 . eulbertsoni eulbertsoni, No. 12764 
Princeton University Geological Museum, found in place about iS 
inches below the contact of the Titanotherium and Oreodon beds, 
distinctly below the level of the white limestone lens marking the con- 
tact in Corral Draw, How far upward it extends into levels above 
the lower concretionary zone must remain doubtful, for while no 
specimens of it were found by the Princeton expeditions of 1920-22 
in the upper nodular zone of the Oreodon beds or higher, there is a 
specimen of 0 , eulbertsoni eulbertsoni in our museum. No. 11080, 
labeled in Hatcher’s handwriting as from the upper Oreodon beds. 
Corral Draw, and in a matrix which agrees in character with the 
upper Oreodon clays. 

Not all the specimens of this species in which the basicranial 
region has been prepared in detail agree with the figure given by Os- 
born and W'ortman ■“ in possessing separate foramina rotunda. 
These are completely lacking on both sides in the above-mentioned 
specimen from the Titanotherium beds, and in another skull. No. 
12703, from the Oreodon beds, the foramen rotundum is absent on 
one side and present on the other. There are also variations in the 
shape and degree of inflation of the bulloe in individuals which 
otherwise agree well with O. eulbertsoni eulbertsoni in the characters 
cited by Osborn and Wortman. 

There is, however, never the slightest danger of confusing Orco- 
don eulbertsoni eulbertsoni with Eporeodon bullatus if the auditory 
region has been preserved. Quite unexpected data regarding the 
stratigraphic range of the latter are afforded by our collections of the 
past three years. From the presence of eporeodons (£. major) with 
greatly distended bullae in the Protoceras beds, and of forms with 
small rugged bullae in the Oreodon beds, with a single example of 

“Fidl. Amcr. Miis.. Vol. VI., 1894, P- 216, Fig. YA. 
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“ the transitional form O. bullatus " from beds of intermediate posi- 
tion, Osborn and AVortman were led to suggest that the range in 
time corresponds with the evolution of the bullae. This, however, is 
not the case, for typical Eporcodon bullatus, agreeing absolutely with 
Fig. 5C of Osborn and AA’ortman’s paper, occurs in both noduliferous 
horizons of the Oreodon beds and probably in the Protoceras-Lep- 
tauchenia beds as well. The type of Oreodon ( Eporcodon) bullatus 
is from the Titanotherinm beds,*" and the species is tentatively identi- 
fied by Thorpe** from the John Day, certainly the greatest vertical 
range of any AA’hite River form. Incidentally, the finding of Eporc- 
odon bullatus on the same level with Oreodon culhertsoni culhertsoni 
has an important bearing on the status of Mcrycoidodon as Professor 
Scott has brought to my attention. This name was proposed by 
Leidy in 1848 for an animal represented by the fragment of an upper 
jaw containing the last two molars, and a second fragment of the 
lower jaw with the last three molars. Later, other fragments were 
referred by the same author to Oreodon and Cotylops. Better 
material subsequently obtained enabled Dr. Leidy to decide that all 
three belonged to a single genus for which he expressed the desire 
to retain the name Oreodon. a preference which modern priority 
purists would have done well to respect, since Eporcodon bullatus 
and Oreodon ciilbcrtsoni ciilbertsoni are quite inseparable on the 
basis of maxillary and jaw fragments lacking the premolars and, 
with both occurring in the same beds. Leidy ’s type of Merycoidodoji 
might have pertained to either. The name should be permanently 
discarded. 

The smaller form, Oreodon ciilbcrtsoni pericidoruni. while far 
less abundant than O. ciilbcrtsoni ciilbcrtsoni. is found in both nodu- 
liferous zone.s of the Oreodon beds, as is also Oreodon gracilis. 

5. Leptoinery.v. 

Lcptouicry.v is represented in both concretionary zones. A lower 
jaw fragment showing the characteristic structure of the heel of the 
last lower molar found in Hypertragidus was obtained from one of 
Loc. cit., p. 219. 

“ “ E.xtinct Mammalian Fauna,” pp. 104-5. 

** Amcr. Jour. Set , August, 1921, p. 104. 
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the ^Metamynodon channels. Its non-occurrence among our collec- 
tions from the concretionary zones has probably no other significance 
than failure to find a specimen of a not too abundant form. 

6 . Pa'hrothcriuui. 

The synonc-my of the White River camels is badly involved, due 
to the fact that the first described species from the South Dakota 
Big Badlands. Ptrhrothcrium zcilsoni Leidy, is based on a juvenile 
specimen retaining the milk preniolars and lacking the front of the 
skull and the anterior teeth, on which specific distinctions within the 



brain case restored. Drawn from a photograph and the specimen. 

genus are now based. second species. Pa'brofhcriitin labiatuin 
hope, from the Cedar Creek beds (Oreodon zone), Coloraclo, has the 
type skull mutilated in the same way. So far as the size of the type 
specimen of wilsoni is concerned, it might either be a young P. labi- 
afuiii or P. andersoni. if the latter is distinct from lahiatmn. Juve- 
nile individuals of P. cxiiuhnu are much smaller than the type speci- 
men of zcilsoni, while the adults, which have been confused with 
zi’ilsoui in the older literature, may he readily separated from the 
specimen here figured by differences in the shape and spacing of the 
anterior teeth. 

"Wee Bull. Amcr. Mus., Vol. X., 1808. p. in. Fig. 7, now referred to 
P. c.rbmiim Hay. 

9 
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I am referring provisionally to P. andcrsoni Troxell, the speci- 
men shown in Fig. lO, Xo. 12722 Princeton University Geological 
iMuseum, from the lower concretionary zone in the west part of 
Indian Creek basin, near the pass into Little Corral Draw, Washing- 
ton County, South Dakota. It is a fully adult, uncrushed skull, a 
little larger than the type of andcrsoni with which it agrees closely 
in structure, having i3 large and caniniforin and ci small. X’o trace 
of an internal basal pillar, however, appears between the inner lobes 
of m3. The preorbital vacuity, not indicated in Wr, Troxell’s figure 
of P. andcrsoni but present in his type specimen, lias about the 
same extent as Xo. 12722 here figured, making allowance for the 
slightly smaller size of the former specimen and its deformation by 
crushing. Whether our Xo. 12722 could be separated specifically 
from zoilsoni, if mutilated to the same extent as the type of that 
species, is doubtful. It does not differ markedly in size from the 
type of P. labiatuni, but has pJ closer to the posterior end of the 
symphysis {i.c., a shorter gap between pT and p2). Just how much 
dependence should be placed on this point is doubtful in view of the 
variation observable in another of our specimens of similar size, Xo. 
12725, also from the lower concretionary zone as exposed in Little 
Corral Draw northwest of Cottonwood Pass. In the latter the gap 
between pT and pT measures 5.5 mm. in contrast with 9 mm. in Xo. 
12722. These specimens further differ in having the lower canine 
quite small in cross-section in the former and considerably larger in 
the latter, as indicated in the figure, perhaps a sexual difference. I 
am inclined to suspect, on the basis of comparable size in skeleton, 
that the specimen described and figured some years ago by Professor 
Scott as P. labiatitm*'' ( Xo. 10527 Princeton University Geological 
iMuseum ) might, with equal propriety, be referred to P. andcrsoni. 
An examination of Cope’s type sfiecinien of labiatiini shows that 
the lower margin of the jaw is incorrectly drawn in his illustration. 

‘“Troxell, E. L., “An Oligocene Camel, Pochrothcrium andcrsoni, n. sp.,” 
Amcr. Jour. Sci., Vol. XLIIl., ^lay, 1917, pp, 381-389, Fig. i. 

*’ Scott, W. B., " On the Osteology of Pochrothcrium, A Contribution to 
the Phylogeny of the Tylopoda," Jour, of Morphology, \'ol. V., 1891, p. i et 
.seq. 

■“ Cope-Matthew, " Hitherto Unpublished Plates of Tertiary Mammalia 
and Permian Vertebrates,” PI. CXV., Fig. i. 
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It should be as indicated in Fig. lo and as in Leidy's figure of his type 
specimen of P. zcilsoni. I do not find any striking differences in the 
shape of the otic bullae between Cope’s specimen of labiatuin and our 
P. andcrsoiii. They are a little rounder in the former than in the 
latter, but contemporary specimens of comparable size from the 
lower nodular zone vary in the degree of bulla inflation. Cope's 
figure shows 1113 set well in front of the ascending ramus, whereas 
in Xo. 12722 this tooth encroaches more closely on the ramal margin. 

Me.\surements. 

ilaximum skull length, premaxillae to supraoccipital, inc 201.5 mm. 


Length p::^m3 63.5 mm. P4 anteroposterior diameter 8 

Length pj-mj 69.5 Mi anteroposterior diameter 10 

Length entire M2 anteroposterior diameter 14 

inferior den- M3 anteroposterior diameter 15 

tition 1 10.5 Pr anteroposterior diameter 5.6 


Pi anteroposterior diameter 8 PT anteroposterior diameter 8.6 

P2 anteroposterior diameter 9 PJ anteroposterior diameter 9 5 

P3 anteroposterior diameter 92 P4 anteroposterior diameter 9 

P. cxiiniiiin occurs in the lower Oreodon beds, as shown by a 
juvenile specimen, Xo. non Princeton University Geological Mu- 
seum. collected in 1894 by Mr. H. F. Wells in Corral Draw, pre- 
sumably from the lower concretionary zone. It is not identifiable 
among the specimens secured by us during the past three years, and 
has. accordingly, been omitted from the list. 

Birds’ Eggs. 

A remarkablv large number of fossil eggs has been obtained by 
us during the last three summers, two from the lower concretionary 
zone and two from clays 10 feet below the upper concretionary zone, 
but a few feet apart, and on the same level in Quinn Draw basin. 
One of the latter, Xo. 12609, Plate I.. Fig. i, is uncrushed and en- 
tire, and agrees, within a few hundredths of an inch, with the dimen- 
sions of the egg of the Florida duck. Anas fuk'ignla, given by Far- 
rington (2.16 inches x 1.56 inches, or 55 mm. x 39.5 mm. as against 
2.05 inches x 1.52 inches in the modern form). The shell has lost 

" Farrington, O. C., " A Fossil Egg from South Dakota,” Field Columbian 
Museum Publication No. 35, Geol. Series, Vol. I., No. 5, pp. 193-200, 1899. 
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its carbonate content, is black, ruijose. and nnich pitted. The outer 
table of the shell is considerably eroded, perhaps by sand blast or 
solution, and at a few points where it is completely flaked off. reveals 
a deposit of chalcedony below. This egg is quite heavy, suggesting 
the presence of barite in the une.xposed center. The other specimen 
from the same locality and level. Xo. 12613. also has a black, much 
pitted, shell, seeminglv impregnated by chalcedony and encloses a 
mass of chalcedonized pseiidomorphs arranged in radiating plates. 
It also is quite heavy. Both eggs from the lower concretionary zone 
have the shells badlv crushed and eroded, and are too distorted to 
subject to measurements. 

An extremelv fine fossil egg. Xo. 12616 Princeton Lniversity 
• Geological iMuseum. presented by IMr. J- G. Bump of Scenic, still 
retains some of the carbonate content of its shell, and although dis- 
torted by pressure is not sufficiently fractured to show the interior 
filling. Its dimensions (57.5 mm. x 45 mm. x 40 mm.) and general 
appearance recall the second of two eggs figured by Mr. Tro.xell.'" 
The shell is rugose but the pittings are less conspicuous than in Xo. 
12609. ^ 1 ^ is shown on the left in Plate I., I'ig. 1. and is, supposedly, 

from the White River series, but the locality and horizon are un- 
known, as it was acquired by Mr. Bump from an Indian, who was 
said to have found it somewhere in the vicinity of M'hite River. 

Reptiles. 

I. Pcltosaiirus. 

Parts of the skull and jaws of a lizard from the lower concre- 
tionary zone in Corral Draw have been identified by IMr. C. W. Gil- 
more as Pcltosaiirus granulosus Cope. 

2. Stylcuiys. 

The contrasting numbers of these animals listed from the two 
concretionary zones is in keeping with the limited thickness and pov- 
erty of favorable exposures of the upper zone, which too often out- 
crops on cliff faces. They must have occurred bv the thousand, for 

"’Tro.xell, E. L., “ Oligocene Fossil Eggs,” Jour. Wash. Acad. Sci, Vol. 
6, 1916, pp. 422-425. 
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hundreds of their carapaces, in all stages of demolition, were seen 
along the many miles of exposure of the lower concretionary zone 
collected over Ijy us. They early attracted atteittion, and are referred 
to in disparaging terms in T. A. Culbertson’s quaint diary under 
date of l\Iay 14, 1S50, as “ugly, dark red. unshapen masses — these 
my guide told me were petrified turtles, their shells being destroyed 
by the action of the sun. and they are crumbling to pieces. The 
ground in many places is thickly covered with small lumps, the 
broken remains of turtles which a few years ago were perfect." 
They are supposedly land forms and their mode of occurrence in the 
concretionary zone, discussed in my paper on the “ Turtle-Oreodon 
Layer," is quite in keeping with the theory of origin of the latter 
there enunciated. 

Dep.srtmext of Geology, 

Prixcetox Uxiversity, 

Prix'cetox, X. J. 

Fifth Ann. Rept. Smithsonian Institution, 1851. p. 93. 



THE SOXIC DEPTH FINDER. 


By HARVEY C. HAYES, Ph.D. 

(Read April 26, 1924.) 

Previous Papers. 

This paper is the third of a series dealing with developments that 
have resulted from research work in the field of submarine acoustics 
carried out by the U. S. Xavy during the past five vears. The first 
paper, entitled “ Detection of Submarines," ^ described a superior 
type of submarine sound detector called the Hydrophone which 
had proved effective during the war and predicted that this device 
would eventually prove to be a distinct aid and safeguard to naviga- 
tion. The second paper, entitled “ The U. S. Xavy IMV Type of 
Hydrophone as an Aid and Safeguard to Xavigation," - described 
the various ways in which the Hydrophone could serve the nav- 
igator. as determined on various ships of the Xavy. and gave the 
results of some practical tests. 

Present Paper. 

The present paper may be regarded as an extension of the second, 
inasmuch as it has to do with developments that are of prime im- 
portance to the navigator and which were predicted in that paper. 
It is also closely related to the first paper since it deals with an in- 
stallation of submarine sound apparatus for ships that includes the 
i\I\’ Plydrophone. In order to avoid repetition the author will, 
therefore, only describe very briefly those parts of the sonic depth- 
finding apparatus that have been fully described in the two previous 
papers. 

General Description. 

The sonic depth-finding apparatus comprises three distinct units, 
viz.: a submarine sound transmitter, a submarine sound receiver 
Procccduujs of the American Philosophical Society, Vol. XIX, X^o. i, 

1920. 

'Proceedings of the American Philosophical Society, Vol. LIX., No. 5, 
1920. 
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and the so-called “ Sonic Depth Finder,” which is a connecting link 
between the transmitter and receiver and which serves to accurately 
measure the time interval between the sending of a submarine sound 
signal and the return of its echo from the sea-bottom or any other 
submarine sound-reflecting surface. This time interval, together 
with the velocity of sound in sea water, serves to determine the dis- 
tance to the reflecting surface. And if the sound receiver is a type 
that can determine the direction of the echo, as is the iMV Hydro- 
phone. then the reflecting surface can be definitely located and its 
slope determined because the direction of the echo is perpendicular 
to the reflecting surface. Such an installation of sound apparatus 
can. therefore, furnish complete data for making a survey of the sea 
bottom. The three units comprising the installation will be described 
in turn. 

The Snbiiiarinc SoiDid Transv, litter. 

The submarine sound transmitter consists essentially of a rigid 
steel diaphragm about eighteen inches in diameter one side of which 
is in contact with the water and to the other side of which is attached 
electrical means for e.xerting alternate thrusts and pulls of sufficient 
magnitude to cause the diaphragm to vibrate against the highlv in- 
compressible water and of sufficient rapidity to give an audible 
sound. The driving force is usually produced by powerful electro- 
magnets through the coils of which is passed an alternating current. 
The force so exerted on the diaphragm may reach several tons. Such 
a transmitter, which is commonly called a submarine sound oscillator, 
can be used for sending code signals if it is provided with a suitable 
transmitting kev for making and breaking the A.C. circuit. 

The pitch of the sound generated is dependent on and numerically 
equal to the frequency of the A.C. current. The coefficient of re- 
flection of the sea bottom is doubtless a function of the pitch of the 
sound but very little is known of this function. As a result the 
pitch of 1 100 which is used has been chosen from considerations 
other than the coefficient of reflection. This comparatively high 
pitch is employed for two reasons. First, it permits the use of a 
high-pass filter that greatly weakens the low-pitched local noises 
but allows the signals to pass. Secondly, high-pitched transmitters 
are better adapted for sending short signals in rapid succession. It 
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may be stated that signals having any pitch between 550 and 1100 
have been found to reflect well from the sea-bottom. 

The Submarine Sound Rccck-er. 

The submarine sound receiver may be a very simple and inex- 
pensive device provided it is not required to determine the direction 
of the sound. It will be shown later that good sounding data can be 
taken with such a receiver, but for securing data of the highest ac- 
curacy it becomes necessary to determine the direction of the echo. 
The iMV Hydrophone, developed by the U. S. Xavy during the war 
has proved to be superior to other types of direction finding sound 
receivers for use on ships for the reason that it is simple and rugged, 
permits of easy and rapid manipulation, responds with almost equal 
sensitivity to sound waves having a wide range of frequency, and 
through the use of several receptors intensifies the response to sound 
waves from any one direction while at the same time the response to 
sound from all other directions is weakened. As a result much of 
the interference from the numerous local noises such as are caused 
by propellers, auxiliary machinery and slapping of waves is elimi- 
nated, thus enabling the operator to hear comparatively weak signals 
and echoes which otherwise would not be audible. 

The Hydrophone employs a double telephone head set, one 
receiver of which connects with one half of the submarine sound 
receptors and the other of which connects with the other half of these 
receptors. Direction of sound is determined through the operation 
of the binaural sense and is accomplished by so varying the time of 
energy transit from each submarine sound receptor to its respective 
telephone receiver that the responses from all of these receptors 
reach the two phones at the same time and in phase. Under such 
conditions the sound will appear to the listener to be binaurally 
centered, i.e., it will give him the impression that the source is lo- 
cated neither toward his right nor his left. The time of electrical 
transit of the several receptor circuits is varied by means of an “ elec- 
trical compensator ” through which all the receptor circuits pass 
before reaching the telephones, and the amount of retardation that 
must be introduced into these circuits to bring their currents into 
consonance at the phones determines the direction of the sound. 
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The electrical compensator is so ingeniously designed that the varia- 
tions of current in the several receptor circuits, caused by the 
action of sound waves actuating the receptors from any definite 
direction, can be brought into consonance at the telephones by turn- 
ing a single hand-wheel. This hand-wheel operates a rotary scale 
that is calibrated to give the direction of the sound with respect to 
a straight line passing through the sound receptors. 

Two lines of sound receptors are employed, one for receiving 
sounds off the port and one for the reception of sounds off the star- 
board side of the ship. They occupy symmetrical positions on oppo- 
site sides of the hull, are placed as tar forward and as far below the 
water-line as conditions will permit, and are directed parallel with 
the ship's keel. Only half of the sound receptors are used at any one 
time and the compensator is provided with a multipole switch 
whereby all the receptors on either side of the ship or the forward or 
rear half of the receptors on both sides of the ship can be connected 
through the compensator. When either of the first two combinations 
is used the compensator gives the direction of the sound with respect 
to the ship’s keel and when either of the last two combinations is 
employed the direction of the sound is given with respect to a line 
running athwart ship and perpendicular to the keel. 

The Sonic Depth Finder. 

The Sonic Depth Finder is an automatic key used to make and 
break the A.C. circuit of the transmitter. It is designed to close this 
circuit for an instant at the end of equal time intervals and contains 
means for continuously varying this interval through all values in- 
cluded between about ten seconds and one tenth of a second. It 
consists of a phonograph-like disk rotated at constant speed by means 
of a tuning-fork-speed-regulated motor. A small wheel having its 
axis parallel with a radius of the disk is driven by friction contact 
with the surface of the disk and carries means for moving it radially 
in and out along its axis. The axis of this wheel carries two cams, 
one having a single saw-tooth-shaped depression and the other car- 
ries ten such depressions uniformly spaced about its circumference. 
Each cam operates a pair of contact points, and by means of a two- 
way switch either pair can be connected in series with the coil of a 
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relay. The relay operates a pair of heavy contacts connected in 
series with the transmitter circuit. 

In practice the disk is driven at the uniform rate of one revolu- 
tion in ten seconds and the ratio of the diameter of the disk to the 
friction wheel is ten. Such an arrangement permits the speed of 
the friction wheel to be varied from one revolution in about ten 
seconds to one revolution per second, and by making use of the two 
cam wheels the time interval between oscillator signals can be given 
any value between ten seconds and one tenth of a second. It is ob- 
vious that this period can at all times be computed from the radius of 
the circle that the friction wheel scribes on the disk. This radius 
can be determined to within a very small fraction of an inch by 
means of a micrometer arrangement used for sliding the friction 
wheel along its axis. 

In order that the operator may use the same pair of head phones 
for determining the direction of sounds picked up by the MV Hydro- 
phone and also for making depth determinations, the telephone ter- 
minals of the compensator are connected by cable to the Sonic Depth 
Finder where. b_v means of a two-way multipole switch, both phones 
can be connected to the compensator or one phone can be connected 
to the compensator and the other to the secondary coil of a vario- 
coupler the primary of which is energized by an inductive take-off 
from the A.C. circuit of the sound transmitter. These two positions 
of the selector switch may be called the (H) and iB) position re- 
spectively. The (A) position connects the two phones directly to 
the compensator. The apparatus is then adjusted for determining 
the direction of any sound picked up by the sound receptors and 
among others the echoes of the oscillator signals. The (B) position 
connects one phone inductively to the transmitter circuit and the 
other to the compensator. Under such conditions the operator hears 
each oscillator signal in the inductively connected phone at the 
instant it is transmitted and he hears the echo of each signal in the 
other phone which connects with the M\’ Hydrophone receptors. 
The vario-coupler serves to bring the signals in the two phones to 
approximately the same intensity. 
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Principle of Operation. 

Numerous devices have been developed to measure the time inter- 
val between a submarine signal and the return of its echo hut none 
have proved to be practical. This failure has been largely due to 
the fact that they attempt to measure the time interval in question 
directly. The success of the Sonic Depth Finder lies in the fact that 
it does not attempt to measure this time interval directlv but 
measures the time interval between signals and adjusts this interval 
so that it is a simple known function of the interval between signal 
and echo. This is accomplished as follows ; 

Let ( t ) represent the time interval required for the sound to 
travel from the transmitter to the reflecting surface and back again 
to the hydrophone receivers and let (/>) represent the period between 
successive signals. If the operator adjusts the value of (/’) to 
equality with (t). then at the instant he hears a signal transmitted 
through the inductively connected phone he will also hear the echo 
of the previous signal in the other phone. This adjustment can be 
made by moving the friction wheel to a proper position along the 
radius of the constant speed disk. Suppose now he increases the 
frequency of the signals until (/') is equal to one half of (t). Then 
he will still hear the signals and echoes simultaneously in the two 
phones but each signal will now arrive coincident with the echo of 
the second previous signal. Finally, if the period between signals is 
made equal to one (A'th) of {f). the operator will still hear the sig- 
nals and echoes coincident in the two phones but each signal is then 
transmitted simultaneously with the arrival of the echo of the (-Vth) 
previous signal. 

It will, therefore, be seen that the operator will hear the signals 
and echoes simultaneously in the two phones whenever he adjusts 
the position of the friction wheel so that it), the time interval be- 
tween a signal and the return of its echo, is erpial to some whole 
number (A’) times i p). the period between signals. Conversely, if 
the operator wishes to take a depth sounding and adjusts the Sonic 
Depth Finder so that he hears the echoes and signals simultaneously 
in the two phones, he knows that 


t = A'T. 
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where (p) is the period between signals. (A’) is a whole number and 
(f) is the interval of sound transit. The value of ip) can be de- 
termined from the micrometer scale of the mechanism used to move 
the friction wheel and it only becomes necessary to determine (A’) 
to completely determine ( /). 

The factor (A’), which is always a whole number, can be deter- 
mined in various ways. If we remember that (A') represents the 
number of signals that intervene between the one heard in the in- 
ductively connected phone and the one whose echo is heard at the 
same instant in the other phone, it becomes clear that (A') may be 
defined as the number of signals in transit between the transmitter 
and the hydrophone at any time. Therefore. (A') can be determined 
by counting the number of echoes heard after the transmitter is 
stopped or by counting the number of signals heard before an echo 
is heard when the transmitter is started. The value of (A") can 
always be definitely made unity by starting with a very large value 
of (/’) and then reducing the value until coincidence between sig- 
nals and echoes is reached. A third method of determining (A'') 
will be described later. 

The operation of the Sonic Depth Finder depends upon bringing 
to coincidence the arrival of two similar sounds in two telephone 
receivers, one on each ear of the operator respectively. Little or 
no training is required to judge such a condition of simultaneity to 
within a very small fraction of a second and as a result this method 
of determining the time interval between a signal and its echo gives 
surprisingly accurate results. 

Development of the Souxdixg Equation. 

Let (F) equal the distance a sound signal travels in passing from 
the transmitter to the receiver by way of reflection from some sub- 
marine surface and let (t) equal the time of transit in seconds. Also 
let (V) equal the velocity of sound in sea water. 

( 1 ) Then S = V-t 

(2) and A = 2H, where (//) is the perpendicular distance to 
the reflecting surface. 

(”3) W'herefore H = iPiV-t. 

We have seen that 
(4) t = N-p, 
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where (.V) and ip) represent respectively the number of signals in 
transit and time interval between signals when the apparatus is so 
adjusted that the signals in one phone are simultaneous with the 
echoes in the other. Substituting this value for (t) in equation (3) 
gives : 

(5) H = ^)V-X-p. 

While this formula is exact, it is not workable until the factors (-V) 
and ip) are determined in terms of the dimensions of the Sonic 
Depth Finder and its scale reading. Let the radius of the circle 
which the friction wheel scribes on the constant speed disk be (R) 
and the radius of the friction wheel itself be (r). Let (P) be the 
time required for the disk to make one revolution and let (C) repre- 
sent the number of teeth on the cam used to operate the contact 
points. 

Order Number 20353. 

Since there is no slip between the disk and friction wheel, it fol- 
lows that : 


( 6 ) 

(7) Wherefore 


2vR _ 2trr 

~p F 


p = 


r-P 

R 


when a single-toothed cam is used and in general becomes 


when the cam- wheel carries (C) teeth equally spaced about its cir- 
cumference. 

Substituting this value for {p) in equation (5) gives: 


( 8 ) 


II 


V-N-P-r 

2 C-R 


Suppose now that the Sonic Depth Finder has been adjusted 
carefully for coincidence between signals and echoes. Call this 
scale reading (Pi). Then increase the frequency of the signals 
until signals and echoes are again coincident and call the scale read- 
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ing (i?.)- Now since the value of (H) is the same in both cases it 
follows that ; 


( 9 ) 


2C-Pi 2C-Ri 


(lo) wherefore 


N = 


Ri 

Ri — Ri 


Substituting this value for (A") in equation ( 8) we have for the 
general sounding equation ; 


(II) 


H = 


V-P-r 

2-C-(Ri - i?i)’ 


where ( H ) is the perpendicular distance to the reflecting surface, 
(f') is the velocity of sound in sea water, (P) is the constant period 
of revolution of the disk, (r) is the radius of the friction wheel, (C) 
is the number of teeth on the cam, and is the distance the 

friction wheel must be moved outward in passing from one condi- 
tion of coincidence between signals and echoes to the next in order. 

It is to be noted that {R.-R^) holds for all values of (R) and 
therefore for the condition (Ri) equals zero. Hence is the 

radius of the circle scribed on the disk when the apparatus is ad- 
justed for coincidence of signals and echoes and (A') is equal to 
unity. 

The Sonic Depth Finder developed and used by the U. S. Navy 
has the following values for the constants of the sounding equation 
(ii) : 

P = lo seconds. 


r = I, 

C = I or lO. 


The average value of 4.800 feet per second or 800 fathoms per 
second is taken for (P), the velocity of sound in sea water. Both 
(R.,) and (Pj are measured in terms of (r) as a unit. This is 
accomplished by making the pitch of the micrometer thread equal 
to (r) and this permits of making (r) equal to unity in the sound- 
ing equation. Inserting these values in equation ( 1 1 ) gives for the 
practical sounding equation ; 
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II (feet) = 


24,000 

C{R. - Ry) ' 


where (C) may be { i) or (10), depending upon which cam is em- 
ployed in operating the transmitter. 


H (fathoms) 


4,000 

C{R. - i?i) ‘ 


.\CCUR.\CY. 

The accuracy with which the range ^H) to a submarine reflect- 
ing surface can be determined by the Sonic Depth Finder depends 
Anally upon the accuracy of each of the several factors on the right- 
hand side of the sounding equation : 

V-P-r 

Ij = . 

2-C-(i?2 - R,) 

The factor (f ), which represents the velocity of sound in sea 
water, varies with the temperature, salinity and pressure. The tem- 
perature coefficient at a depth of about 180 feet is approximately 2.8 
feet per degree centigrade and it is probable that the variation in 
this factor caused by pressure or salinity may be regarded as a second 
order eft'ect and neglected. Xo relialfle data is extant relative to the 
effect of pressure and salinity on the velocity {I'), but from theoret- 
ical considerations we are assured that both effects are small. 

The temperature gradient of sea water along a vertical direction 
has been shown to be much the same over most of the ocean areas 
below depths of a few hundred fathoms and it is a favorable cir- 
cumstance that the change in velocity of sound caused by increasing 
pressure, as greater depths are approached, is nearly compensated 
for by the change produced by the decrease in temperature. .Vs a 
result, there is reason to believe that the factor (I ) does not vary 
more than a fraction of a per cent, over most ocean areas for depths 
below from 300 to 500 fathoms and it has been found that 4,800 
feet per second is a good average value for the factor (F) for use 
in taking deep-sea soundings. For depths within from 300 to 500 
fathoms a temperature correction may be made to this value if 
other factors warrant such accuracy. 
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The factor (P). the period of revolution of the disk, is readily 
maintained constant and accurate to within a tenth of a per cent, and 
the radius ( r) of the friction-wheel can be made with almost any re- 
quired degree of accuracy. Xo error is introduced by the factor ( C) 
as its value is definitely one or ten. depending upon which cam is 
used. The accuracy of ( j or { Rj depends upon the accuracy 
with which the operator can judge of the simultaneity of two sig- 
nals. The ( R ) factors can be determined to within about two thou- 
sandths of an inch, and since their minimum value is about a half 
inch the error in this factor cannot amount to more than one or two 
tenths of a per cent. 

In practice it has been found that with the sounding ship at rest 
over a comparatively level sea bottom repeated settings of the Sonic 
Depth Finder agreed with one another to within from one to two 
fathoms. The value of (H). so determined, may be in error several 
fathoms due to uncertainty in the value of iJ~). but dijfcrcnccs in 
(H) are given with but small error. And it is such information that 
is of importance in making a survey of the sea floors. 

Depth Sounding. 

Thus far we have only spoken of the method and apparatus for 
determining {H), the distance from the ship to the submarine re- 
flecting surface along a perpendicular to that surface passing through 
the ship. The depth (D) is the distance from the surface to the sea 
bottom along a line perpendicular to the surface of the water. It is 
obvious that (D) and (//) are equal only when the sea floor is hor- 
izontal. If the angle of dip 18), which the sound path (H) makes 
with the surface, is known, then : 

D = // sine 8, 

where (D) is the depth along a vertical line passing through the 
])oint of reflection and not the depth underneath the ship, which may 
be called (D^). This dejith cannot be definitely determined with the 
Sonic Depth Finder. However, if it is assumed that the slope of the 
sea bottom is uniform over an area including a point directly be- 
neath the ship and the point of reflection, then, 


D'^ = H, sine 8. 
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These statements will be more readily understood by considering 
Fig. I. wherein the lines ( Y-N) and (B-B) represent the surface 
and sea floor respectively and points ( i), ('2'). (3) and (4) repre- 
sent the position of the ship, the point of reflection, the point verti- 
cally above the point of reflection and the point vertically beneath 
the ship respectively. The distances (D), (H) and (Z?^) have 
been defined and the angles (S) and (J 3 ) are the dip of the line 
(H) below the surface (SS) and the slope of the sea floor re- 
spectively. It is to be noted that (/ 3 ) can be determined from (S) 
through the relation 



As stated, [H) is not the depth. The depth (D) over point (2) 
can be definitely determined if the angle fS) is known, since 

D = H sine 8, 

and if the slope between points (2) and (4) is constant, then 
can be determined through the relation 

D'^ = H sine 8. 

The probable truth of the assumption that (/I) remains constant 
over an area including points (2) and (4) is dependent on the dis- 
tance between these two points. This distance is proportional to (H ) 
and to (cos 8). It is believed that no great area of the sea floor 
has a slope as great as 30 degrees and. therefore, the minimum 
value of ( 8) will not be less than 60 degrees. There is also reason 
for believing that no great area of the oceans has a depth greater than 
6,000 fathoms or six miles. Therefore, the greatest probable distance 
between points (2) and (4) will approximate three miles and in 
general be ver_\- much less than this figure. Of all the submarine 
surveys that have thus far been made with the Sonic Depth Finder, 
no slope greater than 15 degrees has been found, and under such 
conditions the distance between points (2) and (4) where the depth 
is 6.000 fathoms would be about a mile and a half. -Vt 3,000 fathoms, 
which is beyond the average ocean depth, this distance reduces to 
about three fourths of a mile. It is believed that the sea bottom is 
10 
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much more regular than are the areas above sea level for the reason 
that it has been shielded from erosion. The slopes have resulted 
alone from warping of the earth’s crust and as a result abrupt 
changes in the value of (yS) should not in general be expected. It 
would therefore appear that the assumption in question may be ex- 
pected to approach the truth even under the most unfavorable condi- 
tions and it seems certain that considerable reliance can be placed on 
the formula 

= H sine S 

over depths and slopes such as to make the distance between points 

(2) and (4) within a mile. It must, however, be remembered that 
the accuracy of this formula depends upon an assumption that may 
possibly be far from the truth. 

But why worry about {O'-), the depth of water directly under- 
neath the ship, when the depth {D) at some point (3) at least within 
three miles of the ship can be accurately determined and especially 
when it is remembered that in general this point will be much less 
distant than 3 miles? For surveying purposes, at least, such a point 
on the chart furnishes as valuable information as would one at the 
exact location of the ship when the sounding was taken. In this 
connection, it is of interest to see what it may mean if we forget 
about (S) and assume that {H) represents the depth. It can be 
shown that for all values of (/?) less than 30 degrees, ( H) is prac- 
tically equal to one half the sum of and (D). Therefore {H) 
may be regarded as the depth at a point half way between (i) and 

(3) and we begin to question whether it is worth while to determine 
the dip 18 ) and make the resulting corrections which give the true 
depth {D ) . 

This question can be definitely answered. Somewhere over the 
comparatively small area that includes points (2) and (4) the true 
depth is represented by (//) and the chances are that this point is 
about midway between points (2) and (4) or half way between 
points (i) and (3). The factor (H) will therefore represent the 
true depth at all times at a point within a mile and a half of the ship 
and usually at a point much nearer. The answer, therefore, is as 
follows : Unless a ship has some means of locating its position to 
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within a mile and a half nothing is to be gained by charting the cor- 
rect sounding (D) in place of its approximate value (H) . And 
since navigation by means of solar checks cannot give the ship’s lo- 
cation to within this distance it follows that over most of the ocean 
areas the depth can be represented on the chart as well by (H) as 
by (D) or (D^). 

The next question that arises is ; Why should an expensive re- 
ceiver like the AIV Hydrophone be used as a part of the depth-sound- 
ing installation when its ability to determine the direction of the 
echoes cannot be utilized because of uncertainty in the location of 
the ship. It has already been explained that the focussing ability 
of the i\IV Hydrophone enables it to detect faint signals that other- 
wise would be drowned out by the numerous comparatively intense 
local sounds. This fact, together with its ability to safeguard the 
ship in the various ways described in the second paper of this series, 
is sufficient argument for its use, even though it increases the cost 
of the installation. But for submarine surveying, and also for pur- 
poses of navigation, the direction of the echo is valuable for the 
reason that although a ship does not know its position on the chart 
to within about two miles, it does know the progress made along its 
course from hour to hour with sufficient precision to warrant all 
possible accuracy in the sounding data used for preparing or iden- 
tifying a profile of the sea bottom along the route covered. By tak- 
ing into consideration the slope of the sea bottom such profiles can 
be prepared with considerable accuracy and for scientific purposes 
the profile itself is more valuable than is its exact location on the 
chart. Moreover, such profiles are most valuable when they define 
a section perpendicular to the sea bottom and a determination of 
the direction of the echoes enables the navigator to direct his course 
so as to give such profiles. 

It has been shown that the depth (H) can be accurately deter- 
mined if the angle (8) is known and it has been stated that the MV 
Hydrophone determines the direction of the echo with respect to the 
ship’s keel and with respect to a direction across ship and perpen- 
dicular to the keel. So far as the angle (</>), which gives the direc- 
tion with respect to the keel, is concerned the echo may proceed along 
any element of a conical surface having the submarine sound re- 
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ceptors at the apex and making an angle (<•) with the keel. Similarly, 
the angle (6) which the echo makes with a direction athwart ship 
only limits its direction to an element of the surface of a cone mak- 
ing an angle {6) with a direction athwart ship and having its apex 
at the sound receptors. The intersection of these two conical sur- 
faces having the same vertex does, however, definitely determine the 
direction of the echo. Neither (<^) nor ((9), in general, are equal 
to (8), the angle of dip, but they are definitely and simply related to 
this angle as can be understood by considering Fig. 2, wherein (0) 
represents the position of the ship on the surface defined by the 
intersecting lines (A'-A') and The ship's keel is coin- 

cident with (A'-A'), and (F-F) represents the direction athwart 
ship. The sound reflects from (5) and proceeds to the ship along 
path (H). The MV Hydrophone determines the angles (</>) and 
(6), whereas the angles ( a) and (8), the azimuth and dip bearings, 
are desired. The relation between these two sets of angles obviously 
is : 

( 1 ) cos <i> = cos S'cos a. 

( 2 ) cos 6 = cos 8 sine a, 
wherefore, 

( 3) cos 8 = [cos- 4> -j- cos^ 6], , 

(4) tan a = cos cos 4>. 

The Sonic Depth Finder determines ( H) and the M\' Hydro- 
phone furnishes data for determining (a) and (8). The actual 
depth at (V) is given by the equation 

D = H sine 8. 

and the vertical through point (A) intercepts the surface at a point 
out from the ship a distance (Z'f) where 

R = H cos 8, 

and the line ( 0-K) makes an angle (2) with the ship’s keel. 

In making profile surveys it is desirable that (2) should be zero. 
The navigator can readily accomplish this by making his course such 
that (6) is equal to (Tr/n). It is to be noticed that (4>) then is equal 
to (8), the angle of dip, and the computations are very much simpli- 
fied. 
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COJIPARISOX OF SOUXDIXG DaTA. 

The only condition under which sounding data taken by the 
deep-sea sounding machine and the Sonic Depth Finder can be com- 
pared is over regions where the angle (8) is equal to (r- 2). or in 
other words where the sea bottom is horizontal. Referring again 
to Fig. I, may perhaps be supposed to represent the depth as 

determined by the sounding machine (though it is quite possible 
that the lead may strike bottom at a point some considerable dis- 
tance from that verticallv beneath the ship), and for practical pur- 
poses we have seen that the depth may be taken as (H). which we 
should expect to be less than (D’-). The difference between sound- 
ings taken by the two methods may be represented by the difference 
between (D^) and (H) and this value divided by (H) gives the 
variation in per cent, between the two methods, or 


Present \’ariation 


- H 
H 


I — sine 8 
sine 5 


The following table gives this percentage variation for various 
values of (8) and also the actual variation for a depth of i.ooo 
fathoms. 


Angle of Dip, Percentage Variation. Actual Variation, 

90 000 00 

85 004 4 0 

80 015 15.0 

75 035 350 

70 064 64 o 

65 104 1040 

60 153 1330 


Remembering that {fS), the slope of the sea bottom, is the com- 
plement of (8), it will be seen that the percentage variation between 
the sounding data given by the sounding machine and the Sonic 
Depth Finder averages about .15 of a per cent, per degree of slope 
and that the actual difference in the data amounts to about 1.5 
fathoms per degree of slope for every i.ooo fathoms depth. 
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Practical Results. 

The first practical design of the Sonic Depth-finding apparatus 
was installed on the U.S.S. Ohio and successfully tested in February, 
1922, during a cruise from New York along a course running 
southeast from the Ambrose Light Ship to the latitude of Cape 
Henry and thence west into Chesapeake Bay. The greatest depth 
encountered was about 1.700 fathoms. The following June this 
apparatus was transferred to the destroyer L’.S.S. Stcuart just previ- 
ous to her departure for Ylanila by way of Gibraltar and the Suez 
Canal. Throughout the run to Alanila soundings were taken at least 
every twenty minutes and at times as often as every minute. The 
greatest depth encountered was about 3,200 fathoms. This ship is 
still based on iManila and during the past two years has collected a 
large amount of sounding data. Her reports state that almost no 
troubles have been experienced in connection with the sound installa- 
tion. The Stczvart will probably return this year by way of the Pa- 
cific, thereby completing a line of soundings around the earth. 

Following the success of the Steivart, the destroyers Hull and 
Corey were equipped with the depth-sounding apparatus and directly 
proceeded to make a survey of about 35.000 square miles of the 
sea floor off the coast of California. This survey, which extended 
from the loo-fathom curve out to a depth of 2.000 fathoms was 
completed at the rate of about 1,000 square miles per day. These 
ships reported that the acoustical sounding apparatus gave no 
trouble and that it was rugged and able to withstand the adverse 
conditions often met with on sea-going vessels. 

Since that time several other ships of the Navy have been 
equipped as has also the Coast and Geodetic Survey Ship Guide. 
These ships are taking soundings during every cruise with the re- 
sult that the Hydrographic Office is receiving an enormous amount 
of reliable deep-sea sounding data which has already served to clear 
up several doubtful regions on the navigational charts and which is 
rapidly leading to an accurate charting of the depth along the main 
traffic routes. These data have disclosed discrepancies of hundreds 
and even thousands of fathoms between the actual depth and the old 
charted values and the discovery of submarine mountain peaks or 
ridges rising several thousand feet above the sea floor is not un- 
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usual. These landmarks will doubtless prove to be valuable for 
determining the location and progress of merchant ships that are pro- 
vided with apparatus for taking deep-sea soundings. 

The scientific value of the data that can now be collected with the 
sonic depth-finding apparatus can scarcely be overestimated. Such 
data will doubtless furnish valuable information concerning the 
movements of the earth's crust for the reason that the contour of the 
sea floor, which has been protected from the processes of erosion, 
is the direct result of such movements and also for the reason that 
the most unstable regions of the earth's surface, where the move- 
ments are so great and so violent as to affect areas far beyond their 
origin, form a part of the sea bottom. It may be expected that a 
careful study of the form and movement of the sea floor brought 
about by the earth-warping forces will lead to a better understanding 
of these forces. 

Conclusion. 

Research work dealing with submarine acoustics which the U. 
S. Navy has carried out during the past five years has led to the de- 
velopment of methods and apparatus capable of aiding and safe- 
guarding navigation by enabling the navigator to locate sound 
beacons to a range of several miles and to readily determine the 
depth of water beneath his ship at all times. By means of this same 
apparatus it is possible now for the first time in history to accurately 
survey the ocean floor and a large amount of data pertaining to such 
a survey is being collected by the various ships of our Navy. While 
it is impossible at this time to estimate the importance of such a work 
it seems certain that any undertaking that adds to our meager 
knowledge of the great ocean areas must eventually prove to be a 
benefit to humanity. 

U. S. N.\v.\l Rese.\rch Station, 

Bellevue, D. C. 



SEX IX THE RIGHT AND LEFT SIDES OF THE 
BIRD'S BODY. 


By OSCAR RIDDLE. 

(Read April 1024.) 

IMuch recent tvork indicates that sex in higher animals, though 
normally determined on a very definite and well-known genetic plan, 
is a very plastic, modifiable and even a reversible character. Other 
quite recent studies make it nearly certain that many of the “ her- 
maphrodite ” vertebrate animals described during the past few dec- 
ades were not founded upon a genetic basis — as has been supposed by 
most biologists — but were really stages of se.x-reversal which are 
to be described in physiological terms. Still other data on sexuality 
are coming to hand for which also it is fairly clear that physiolog}' 
rather than genetics must supply the explanation. It is, apparently, 
a case of this kind with which these remarks are concerned. 

If other data did not already indicate the plasticity of sex it 
would perhaps appear incredible that the two points at which the 
germ glands arise and develop on the right and left sides of the 
bird's body are points unequally favorable for the development of 
male and female sex glands. Even to some of those who regard 
the plastic nature of sex as fully demonstrated the suggestion tliat 
this positional relationship has a real sc.x significance may perhaps 
at first seem a rather astounding suggestion. It is not assumed that 
all biologists are ready to agree to the reversible nature of sex; and 
we may also grant that possibly the conception to which we now in- 
vite attention is wholly wrong. It is here our purpose, however, to 
mention four kinds of facts which seem to suggest the reality of the 
proposition stated above. Whether this conception is right or en- 
tirely wrong it will certainly require attention until several lines of 
fact now at hand are otherwise adequately explained. It may be 
said at once that we are not necessarily concerned with the right and 
left side of the bird’s body as a whole, as our title might suggest, 
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but merely with the points on the right and left sides at which the 
germ glands arise and develop. 

The first kind of evidence to be presented is based on two series 
of facts : ( I ) It has long been known that in female birds the right 
ovary, though it forms in the embryo, begins to atrophy shortly 
before hatching and no right ovary is normally present in the adult 
bird. This is apparently true of all species of birds. Lilienfeld. 
Nagel and Pick have all made short comment on the bearing of 
this different expression of femaleness on the right and left sides 
of the bird's body. Apart from any theory it is a fact that ovarian 
tissue develops to a far greater extent on the left side in all birds. 
This fact standing alone would appear to have a sexual significance ; 
when considered in connection with the facts next to be mentioned 
concerning testis size on the two sides of the body such a significance 
becomes wholly probable. (2) The other half of this situation has 
been learned chiefly in our own studies. In two earlier reports we 
have shown in part, and can now establish the fact satisfactorily on 
a number of species of pigeons, that in most cases (enough to estab- 
lish a definite rule) the right testis of pigeons is larger than the left. 

In connection with the above observation we are learning that 
disease, confinement of the animals, and hybridity are all agencies 
which markedly affect the better development of the testis on the 
right side. They all lessen the proportion of pairs of testes in which 
the right is the larger (Table I.). Incidentally it may be noted that 
it is now becoming clear that each of these three factors has a defi- 
nite effect either upon sex expression tincluding change in gonad 
size) or upon the sex ratio; we also think there is good evidence 
that thev may and sometimes do profoundly modify sex itself. 
When these modifying factors are applied to data earlier obtained by 
others (for relatively few species in other orders of birds), and 
after personallv securing some fragmentary new data for some of 
these forms, we obtain at least some evidence for a wider application 
of this observation to other birds than pigeons. 

The insufficient data as published, however, are in opposition to 
the situation found in pigeons. Etzold, Gadow and others report 
larger left testes in birds in general. It now seems probable that 
failure to consider effects of confinement, disease and hybridity. 
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together with unsuitable material obtained at times other than the 
height of the bird’s breeding season, are responsible for previous 
failure to find in at least some other birds a condition similar to that 
found by us in the pigeons. In individuals of several wild bird 
species taken at one or another stage of gonad regression we too 
have found that the right testis is quite generally smaller than the 
left ; but it is possible that this may often indicate merely that the 
right has suffered a more pronounced reduction than has the left. 
The right testis of pigeons also suffers greater reduction than the 


TABLE 1. 

Data Showing Prev.^lence of L.arcer Right Testes ix Various Groups 
OF Pigeons. Also Effects of Age (ConfixementI and Dise,\se. 


Classifications. 

Age and Health. 

Ratio 

L- : L+. 

N'umber 
of Pairs. 

Kind of Pigeon. 

Species. 

Free breeders in 

St. risoria 

Adult healthy 

12.0 : 

I 

36- 3 

confinement 


Adult diseased .... 

6.4 : 

I 

58- 9 


Com, pigeons 

Adult healthy 

4-5 • 

I 

165-37 



- 4 dult diseased 

6.2 : 

I 

167-27 



-■tdolesc. healthy . . . 

4-3 ; 

I 

26- 6 



Adolesc. diseased . . 

3.8 : 

I 

19- 3 



Embrv'os alive 

34-0 ; 

I 

102- 3 



Embrj'os dead 

25.2 : 

I 

277-11 

Poor breeders in 

Several wild 

-^dult healthy 

0.6 ; 

I 

3- 8 

captivity 

species 

Adult diseased 

0 95 : 

I 

19-20 



Juv. healthy 

6 0 : 

0 

6- 0 



Juv. diseased. 

2 0 • 

I 

22-11 

Fertile hybrids 

All specific 

.Vdult healthy 

S.o . 

I 

223-2S 

breeding well 

hybrids 

Adult diseased 

6 8 ; 

I 

232-34 

in captivity 


Embiy'os alive 

5.6 . 

I 

333-63 



Embr>'os dead 

4.8 : 

I 

140-29 


left when put under conditions adverse to testis growth (confine- 
ment of wild species; disease). Data on this point will be found 
under “ wild species of pigeons ” in Table I. For most bird species 
other than pigeons the relative size of the two testes at the height 
of their development is now unknown and the point requires a more 
thorough and circumspect investigation in birds in general than has 
yet been made. It has earlier been shown by us that in pigeons the 
shape of the left testis is more nearly that of the (elongate) ovary. 
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We have now observed that this more elongate shape is also found 
in the left testis of many other wild birds (starling, English sparrow, 
etc.), although in these species the left testis is larger during at 
least most periods of the year. 

It can be said therefore that the left side of the body is more 
favorable for ovarian development in all birds ; that the right side is 
more favorable for the growth of testicular tissue in at least eleven 
species of pigeons belonging to two different families of this order, 
and that it is also found to a now unknown extent in other 
orders of birds ; that conditions adverse to testis growth usually, in 
pigeons certainly, produce either greater reduction or more frequent 
reduction in the right testis; and finally, that the shape or form of 
the left testis more nearly resembles the ovary than does the right 
testis. 

A second line of evidence is supplied by data which we have ob- 
tained on the occasional persistence of the right ovary in pigeons. 
Throughout several years of study it has been observed that this 
persistence is definitely more marked and more frequent in embryos 
hatched from ova in which the metabolic rate had been measurably 
reduced. These are the same conditions which we have found to in- 
crease the proportion of female offspring. In a considerable number 
of these cases the right ovary continues to undergo a slow develop- 
ment instead of degenerating and disappearing; while in a few such 
cases the right ovary has not only persisted but has fully functioned 
and liberated mature ova. 

This second line of evidence also has a second side to it. In our 
earlier work it was found that when hybrids are formed from species 
more and more distantlv related (even species from different zoolog- 
ical families are partially fertile in a first cross of pigeons) the re- 
sulting hybrids show higher proportions of males corresponding to 
the greater width of the cross. At the present time we are able to 
show that parallel with this change in the sex ratio there is also a 
change in the proportion of right gonads which are larger than their 
associated lefts. In other words, from male individuals produced in 
those crosses in which we are presumably changing most female- 
producing eggs into male embryos we obtain the highest proportion 
of males whose glands resemble female gonads in their size relations 
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— namely in having larger left gonads. This is what would be ex- 
pected if there is an initial element of “ femininity " in males de- 
veloped from female-producing eggs. 


TABLE II. 

SuitMARY OX Size Rel,\tioxship of Right axd Left Testf.s as Affected 
BY HyBRIDITY (HE.ALTHy AdCLTS). 


Kind of Bird. 

i 

j 

Weight Relations and Xo. in Each Class. 

Ratio 

L- ■. L-b. 

No. 

Weights 

(mgm.n 

Xo. 

Wei 

(.mg 

ghts 
m ). 

Right. 

Left. 

Right. 

Left. 

St. risoria 

r’.o ; I 

36 

624 

494 

3 

410 

445 

Strepcopelia hybrs. . . 

Po : I 

133 

571 

466 

14 

465 

.519 

All specinc hybrs . . 

( 5 .p : I 

90 

5S4 

494 

14 

boo 

654 

Complex hybrs. . . . 

S-f : I 

I3I 

555 

436 

39 

400 

69S 

Generic hybrs. . 

j.r : I 

58 

476 

394 

19 

412 

4S6 

Sub-iamilv hybrs 

2.0 : I 

2 

394 

497 

I 

253 

268 

Family hybrs 


3 

579 

486 

i 

495 

S16 


Table II. shows the frequency of this reversal of the normal 
size relations of the right and left testis in six groups of healthy adult 
hybrids. These hybrids are listed in order of the width of cross 
involved — the widest or most distinct cross being placed at the bot- 
tom of the table. It will be observed that there is a steady reduction 
of the proportion of testis pairs in which the left testis is smaller — 
from 9.5 : i with least crossing to 0.4 ; i in the widest f family) 
cross. These data would seem to show conclusively that the dissim- 
ilarity, or width of the cross, is very definitely related to the observed 
change in the normal size relations of the right and left testis in the 
offspring. This fact can now be joined to the further and earlier 
demonstration (the studies of several observers of other bird 
hybrids, and the studies of \\'hitman and the writer on pigeon 
hybrids specifically) that the sex ratio of hybrid birds is modified in 
parallel with this change in size relationship of the two testes. If 
the last-named fact and the data of Table II. constituted the sole 
evidence on the present subject they would seem sufficient to raise 
a presumption that the points at which the two testes develop are not 
equallv favorable for the development of testicular tissue. 
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A third line of evidence can now be obtained from data gathered 
during the last three decades on hermaphrodite birds. We have 
examined all of the recorded cases of hermaphroditism in birds and 
find in every described case in which gonadal tissue was present on 
both the right and left sides of the body that the male or testicular 
tissue was found on the right side of the body and ovarian tissue 
only, or ovarian tissue in connection with testicular tissue, was pres- 
ent on the left side of the body. In all of these sixteen carefully 
examined cases it is evident that some influence so acted as to pro- 
duce male tissue on the right side of the body and ovarian tissue on 
the left. In three of these cases (those of Weber. Lorenz and Poll) 
it is quite probable that one or another form of genetic explanation 
is the true one, since in each case male somatic characters were also 
found on the right side, and female somatic characters were present 
on the left side of the body.- On the other hand most, possibly all. 
of the remaining thirteen cases probably receive their explanation on 
physiological grounds. It seems inadmissible that in all of sixteen 
consecutively observed cases the blastomere corresponding to the 
right side of the embrvo should have received a male-determining 
and the left a female-determining element from the first cell division; 
or that a similar genetic foundation should have been so discriminat- 
ingly supplied from any other source. Still more to the point is the 
fact that in the two most adequately observed of these cases (those 
of Crew and of Riddle) this possibility has now been practically 
excluded. 

The two last-named cases throw much light on the real nature 
of the hermaphroditism most frequently encountered in birds. Crew 
was able to show that in one of the fowls which he examined the 
body had passed through an initial female stage into a stage at which 
a testis developed on the right side and in which testicular tissue was 
able gradually to replace the ovarian tissue of the left side as this 
was gradually destroyed by a tuberculous ovarian tumor. Before 

" Such cases from Brandt. Weber, Lorenz, Shattock and Seligmann, Poll, 
Pearl and Curtis. Boring and Pearl (3) ; Hartman and Hamilton. Pezard and 
Caradroit. Itlacklin. Crew and Fell (3) and Riddle are included. 

'The gonads of even these cases offer some difficulties for purely genetic 
explanation The '‘primordial germ cells” (see later) circulate before lodg- 
ment in right or left gonad. 
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its death Crew was able to show that this bird, earlier a mother of 
chickens, was producing sperm. Later, while used as a male parent, 
it also became the father of chickens. At autopsy ovarian tissue was 
essentially absent and the bird had typical testes on both the right and 
left sides of the body. complete sex-reversal in the adult could 
here be demonstrated. Five years earlier the writer had observed, 
and has since reported, a case in a blond ring dove in which the gonad 
history quite duplicated the conditions found by Crew in the fowl — 
though in our case the transformed bird was not tested as a male 
parent. The data obtained on both these birds make it practically 
certain that there was a relatively long period in each bird’s life when 
it possessed a testis on the right side and an ovary or an ovotestis 
on the left side. These are precisely the conditions in which the re- 
maining eleven hermaphrodite birds were found. These observations 
therefore make it probable that many recorded bird hermaphrodites 
arose from the circumstance that testicular tissue arises more readily 
on the right side of the body than on the left. 

The one-sided nature of the distribution of testis and ovarian 
tissue in bird hermaphrodites naturally raises the question whether 
a similar condition is found among the hermaphrodites of other 
classes of vertebrates. This topic is reserved for extended treat- 
ment elsewhere in connection with our data on unusual gonad con- 
ditions resulting from hybridity, but it may be noted here that in the 
lowest mammals (monotremes) the left ovary is known to be larger 
tlian the right. In a greater proportion of the accredited cases 
(7 : i) of human hermaphrodites most testicular tissue was found 
on the right and most ovarian tissue on the left sides of the body. 
Apparently a somewhat similar condition and proportion (6 : 3) 
has been recorded in swine, though more meagre data indicate the 
opposite condition in some other mammals (deer, cat). Aral states, 
on the basis of adequate data for normal (not hermaphrodite) indi- 
viduals in the rat, that as a rule the left ovary is larger. Among 
hermaphrodite amphibia of the genus Rana more testis was found 
in the right and more ovary in the left gonad in 14 : 5 cases; in 
genera other than Rana a similar difference (4 : 4) has not been 
found. Among Elasmobranchs some groups have only the right 
ovary functional and in others only the left ovary is functional. 
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These variations within each of the vertebrate classes would seem to 
call for special anatomic-physiologic studies ; studies on differences 
in blood supply of the two gonads in genera differing in the above 
respect, and a much more definite knowledge of the relative size of 
the two testes in these groups, being particularly desirable. 

A fourth line of evidence on the present topic is found in the 
following single observation published now four months ago. Ben- 
oit removed the single left ovary from two young chicks when four 
days and twenty-six days old. Several months later these birds were 
killed and each was found to have developed testicular tissue on the 
right side of the body. In these cases there can be no presumption 
of a cytological foundation for the development of testicular tissue. 
In physiological terms, however, it can be said that the removal of 
the restraining influence of the growing left ovary permitted the 
growth of testicular tissue at the point — on the right side — where 
testis develops best and where ovarian tissue is most retarded (the 
common fowl is a form in which there is evidence that the fully de- 
veloped right testis is larger than the left) . 

The four very different kinds of evidence thus briefly mentioned, 
together with still other considerations not practicable to include here, 
all become harmonized in their suggestion that the easier and more 
frequent appearance (and sometimes or often a greater amount) of 
testicular tissue on the right side of the bird’s body is a matter which 
rests upon a physiological rather than a genetical basis; that testis 
develops better than ovary on the right side ; and that ovarian devel- 
opment is more favored than testicular development on the left side 
of the bird’s body. It is thought that no known fact is opposed to 
any part of this suggestion. 

Something mav be said concerning a possible explanation of this 
positional differential. Though a definite explanation can not now 
be given, this discussion requires the mention of three points which 
to us seem a probable basis of the observed difference. First, Firket 
and Swift have shown that in the early embryo of the bird more 
“ primordial germ cells ” constantly collect at the future site of the 
left gonad. These cells constitute the “ Keimbahn ” in birds and 
play a leading part in the entire history of the gonad ; at an early 
stage these cells enter the embryonic blood vessels and for some 
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unknown reason two to live times as many of them find lodgment at 
the seat of the left gonad as at the right. The conditions which 
determine this unequal distribution of primordial germ cells is prob- 
ably the first condition causally related to the asymmetrical gonad 
growth which has been discussed in this paper. After an unequal 
accumulation of these cells has occurred on the two sides of the em- 
bryo it may be presumed that this inequality then itself enters into 
the establishment of further conditions unequally favorable to gonad 
growth on the right and left sides. 

A second point which may find apjdication here has already been 
suggested by Benoit. Benoit believes that the results of his castra- 
tion experiments cited above really indicate a more ready formation 
of testis tissue on the right side than on the left, and in e.xplanation 
he cites Firket's conclusion that only the first proliferation of se.x 
cords occurs in the right ovary of the fowl. Since only the one set 
of cords form in the male gonad (testis) while two form in the 
functional female gonad (left ovary), it is suggested that this cir- 
cumstance makes easier the origin of testicular tissue from the 
right than from the left ovary. We agree with Benoit that a fact 
of real importance is probably involved in the difference just de- 
scribed. The facts as found by Firket for the fowl cannot, however, 
apply fully to our numerous cases of pigeons with numerous oocytes 
in their ( persistent) right ovaries; for, in these ovaries a second pro- 
liferation of se.x cords has obviously occurred but such right ovaries 
nevertheless remain always much smaller and much less active than 
their associated left ovaries. We should prefer to regard an ovary 
in which only one instead of two proliferations of sex cords has 
occurred as simplv less completely differentiated ovarian tissue. On 
the one hand, its lesser differentiation is in some way associated with 
its position; on the other, it is associated with greater ease of trans- 
formation into differentiated tissue of another kind, namely testis. 

A third consideration touches the possible existence and effects 
of a dissimilar or unequal blood supply to the two gonad areas of 
the embryo and to the gonads themselves in later stages. It is well 
known that in many vertebrates the vascularization of the two adult 
gonads is not identical. As already indicated above, the analysis of 
this situation requires additional facts. That the nature and amount 
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of the blood supply to the differentiating gonad may be of importance 
to the type of resulting gonad is indicated by several facts, but we 
here cite only one. Me\ns observed within testis tissue of a younger 
frog transplanted upon an older member of the same species that 
a few ova developed within the transplanted testis. The common 
experience with tissue transplants warrants the deduction that the 
testis cells which later developed into ova had meanwhile been forced 
to undergo a period of rigorously diminished blood supply. Such 
a reduction of the blood supply is a circumstance which should tend 
to bring about a lower metabolic rate within many of the cells of 
the transplant; and a lower metabolic rate is the precise condition 
which has earlier been found by the writer to characterize both the 
female organism and the female sexual cells. 

C.VRXEGIE St.MIOX FOB ExPERIMEXT.^L EVOLUTION, 

Cold Spring H.vrbor, L. I., N. Y. 



THE SCIENTIST AND AX IXTERXATIOXAL 
LANGUAGE. 


By ROL.WD G. KENT, 

(Rl'UiI April ^4, 1^24 ) 

From the time of the philoscfphers Descartes and Leibnitz, men of 
various lands have sought to contrive a language for international 
or universal use ; they have put forward more or less perfected 
sketches of such media of communication, to the number of over one 
hundred, but nothing that has received general acceptance. Yet the 
problem that they have been attacking is a very real one, which can- 
not be ignored by the scholar nor by the statesman or the merchant. 

\\ hat I wish to say to-day, however, concerns but one aspect of 
this problem : namely, in how far the scientist, and I mean bv this 
the scholar in natural or physical sciences especially, has need of an 
international language, what services he has a right to expect from 
it, what t\’pe of language is best fitted for the task, and to what e.x- 
tent it can satisfy his just e.xpectations. 

It is to within a comparatively recent time that the scholarly and 
scientific world still had an international language. There was a 
language used in common by many scholars of different countries 
and of dift'erent tongues; for example. Iw the Pole Copernicus { 1473- 
1543). by the .Swiss Bauhm ( 1560-1 (uy), Iw the Itali.an Galileo 
( 1564 -i(j 4J), In- the German Kepler ( i57i-i()3o), by the English- 
man FI obbes (1588-1679), by the F'renchman Descartes (Uyfj- 
1650), by the Englishman Milton (1608-1674), by the Irishman 
Robert Boyle (1627-1691), by the Englishmen Locke (1632-1704) 
and Newton ( if)42-i727), by the German Leibnitz (1646-1716), bv 
the Swede Linnteus (1707-1778) by the Italian (lalvani (1737- 
1798) : if they did not write their important works in Latin, but in 
the local vernacular, they would immediately thereafter translate 
them into Latin, to make them available to the scholars of other 
Cfiiintries. These arc moreover men from eight countries, represent- 
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ing six different tongues, and the writings for whose sake I mention 
them here, are works in philosophy, politics and economics, mathe- 
matics, astronomy, botany, zoology, physiolog}' : the great scholars 
and the great scientific works of nearly three centuries, coming down 
to within a century and a half of the present time. Alen still living 
may have talked with men who knew Linnjeus ; and he wrote nearlv 
all of his many volumes in Latin. Galvani’s famous treatise on the 
effect of electricity on muscular activity was published in Latin, in 
1791, thirteen years after the death of Linnaeus. 

But Latin is no longer used as the international language of the 
scientist. More and more it was abandoned for the vernacular of 
the country — French, English, Italian, German. Now as long as im- 
portant scientific publications were restricted even to these four 
languages, with Latin as a possible fifth, the situation was not un- 
bearable. It may be a task of some magnitude to acquire a ready 
reading command of these languages; it is not so onerous as to make 
it virtually impossible, even to the scientist whose interest is not in 
the forms and the manifestations of human expression, hut in the 
content of such expression. But within the last century or less, other 
languages have come into use for scientific publication : Spanish, 
Dutch. Danish. Swedish, }iIodern Greek. These I mention from my 
own experience with the fruits of research in the linguistic field; I 
have no doubt that the natural scientist meets them in his technical 
literature. I have even known or heard of scientists who had 
learned, or were learning, Russian, Polish, Czechish, Roumanian, 
that they might make available to themselves the treatises in these 
languages. To-day, with the recrudescence of many minor nationali- 
ties. and the revived national feeling of some larger units, caused by 
the Great M ar. we may be facing an era in which important publica- 
tions will appear in Finnish, Lithuanian, Hungarian, Serbian, Irish, 
Turkish, Hebrew, Arabic, Hindustani, Japanese, Chinese. And, 
alas, the salutary practice of giving in French or in English or in 
German, at the close of the treatise, a summary of the argument and 
of its results, has almost or quite disappeared. 

The burden has become too great, even for the professional phi- 
lologist and litterateur, and means must be sought to lighten it. The 
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first notable effort in this line, which received wide consideration, 
was the artificial language called \'olapiik by its inventor. Bishop 
Schleyer, which ran from 1879 to 1889. In 1889 the third interna- 
tional congress of A’olapukists was held, at which such dissensions 
burst out that the movement for the use of Volapiik disappeared in a 
few months. In 1887, the American Philosophical Society had ap- 
pointed a committee to report on its utility, which had brought in a 
report entirely unfavorable to it; the arguments presented may be 
seen in the report of the committee (Proceedings of the American 
Philosophical Society, XXV., 3, 13, 312; cf. XXIV., 415, 421, 436). 

Since Wlapuk numerous other artificial languages have been pre- 
sented to the world, in the expectation that they would supplant 
other means of communication between speakers of different tongues. 
Of all these, the most conspicuous are Esperanto, the invention of 
Dr. Zamenhof in 1887; Ido, an offshoot of Esperanto in 1907; and 
perhaps the Interlingua or Latino sine flexione of Dr. Peano. Dur- 
ing the same time, the claims of various modern languages for such 
international use have been presented, notably those of English and 
of French, sometimes those of German, of Italian, of Spanish. 
There has been also a strong movement to restore Latin to its former 
position as the medium of international communication. 

Let us postpone temporarily the question as to which of these 
sliall be the choice of the scientific scholarlv world, for its inter- 
national communication, and consider what qualifications and serv- 
ices may fairly be exacted of an international language for scientists. 
Certainly, as a minimum, it should be an acceptable medium for 
publication of technical articles; and this involves the possession of 
a technical vocabulary capable of expansion to meet the new needs of 
scientific progress, and the possession of a vocabulary with a recog- 
nized and unquestioned standard of meaning. If other more im- 
portant qualities be not sacrificed, it is desirable that the international 
language be easy to learn and easy to understand, and that it be brief 
in its forms of expression, for economy of effort on the part of the 
learner and economy of space in printing; but for scientific purposes 
it is absolutely essential that there be no ambiguity in the meaning of 
what is set down on the written or printed page. Further, if the 
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scientist wishes to use his international language for spoken as well 
as for written intercourse, ease and brevity gain slightly in impor- 
tance ; but after all, the scientist needs a medium with an absolutely 
certain significance, and he can express himself by word of mouth, 
even though with slowness and painstaking, in any language which 
he is able to write and to read with moderate facility. 

The precision which is essential in any language intended for the 
recording and transmission of scientific problems and solutions, is 
based on two factors : the facilities for precision in the meaning of 
the words, and the facilities for precision in expressing the relations 
amongst those words. Let us consider first the matter of the mean- 
ings of the words themselves, in their relation to the threefold pos- 
sibility in the selection of an international language ; a modern 
national language, such as English, French, German; a so-called dead 
language, such as Latin; an artificial language, such as Esperanto. 
These we may take as types of their respective classes. Now the 
words of Latin, English, French. German have significations which 
are by all admitted to belong to them, and cannot wilfully be altered ; 
but the vocabulary of any recently invented language, be it Esperanto 
or anv other, has only a subjective meaning, conferred on it by the 
maker of the language or by his associates and successors. The long 
series of works written in Latin, English, French, German, demon- 
strate beyond cpiestion what the meaning of a word has been and is, 
and how it should be used ; and the summaries of these usages consti- 
tute our dictionaries. But there is not, and cannot be, such an ob- 
jective basis for the words of an artificial language ; no lexical scheme 
set up a priori can provide for all the needs of precise and unmis- 
takable expression. It is of course a fact that the makers of arti- 
ficial languages have come more and more to use as technical words 
those words which are in common use in the modern languages, with 
only such changes as their orthography and scheme of terminations 
requires; the "old” Esperanto malluniigho has been replaced by 
modern Esperanto cklipso. This is part of a movement to an alleged 
ease in vocabularv; Ido and some other made languages profess to 
use as radical or basic words only those which are found in a num- 
ber of modern languages in substantially the same form and meaning. 
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One system even reduces the formula to this, that any word found 
in Latin and English or in Latin and French is acceptable as a word 
in the International Language. And the significance of this is that 
the vocabulary of Latin must be the vocabulary of our International 
Language. This is increasingly clear when we note that English, 
French, German, and other modern languages, when they need new 
words in technical meanings, take them almost without exception from 
Latin and Greek; and any Greek word, when transliterated, may be 
used as Latin without more ado. Even the newest of scientific toys, 
the radio, uses such a Greco-Latin vocabulary ; the solitary exception 
which I have noted is the cat’s whisker, easily latinized as a saeta 
fcUna, or, to use the actual zoological term, vibrissa. 

For the expression of the relation of the words to one another in 
phrases and clauses, there are three main devices : terminations, 
auxiliary words (chiefly prepositions and auxiliary verbs), word 
order. The trend of linguistic development has been, in the lan- 
guages of modern Europe, to decrease the use of terminations and 
to increase the use of auxiliaries and the function of word order. 
Latin, for example, made extensive use of terminations, and a moder- 
ate use of auxiliaries, while word order was resen-ed to show the 
limits of phrases and of clauses, and to indicate emphasis. French 
has greatly decreased the nMe of terminations and has magnified the 
use of auxiliaries and the importance of word order. English has, 
in the main, still further dispensed with terminations. German has 
kept more terminations than English, and has thereby been able to 
reserve the word order, in a certain measure, for the conveyance of 
emphasis and for rhetorical effects. Esperanto has a limited num- 
ber of terminations which are of very wide use, being found in 
virtually every word; it makes slight use of verbal auxiliaries, but a 
large use of prepositions ; and the word order, while in the main like 
that of English, has a smaller fundamental value. 

W'ere we to seek which of these three devices expresses the ex- 
treme of precision, we might be at a loss to decide. A complete sys- 
tem of terminations, wherein none has a twofold value, would be a 
perfect scheme; so would a complete system of auxiliary words, 
placed in a definite position with regard to the words modified. Ex- 



AX IX'TERX'ATIOXAL LAX’GUAGE. 


167 


tensive use of word-order involves an extensive use of auxiliary 
words ; these two methods cannot therefore be employed alone. But 
no language employ's one method only to express relations ; and any 
system of auxiliary words, complete enough to convey all possible 
modifications of the thought, would be at least as cumbrous as a good 
system of terminations. ^Moreover, we may with proprietv make 
our choice among those languages merely which are existent, and not 
seek for a theoretically perfect one, on which there would be no un- 
animity of agreement : witness the rival activities of the partisans 
of Esperanto, of those of Ido. of Occidental, of Latino sine flexione, 
of Ro. and of many others. 

Xow it has been urged repeatedly that the tendency of modern 
languages is away from the inflectional or synthetic type, such as 
Latin, and toward the analytic type, such as English, wherein termi- 
nations are replaced by auxiliary or relational words. This is true; 
but whether it represents an advance in the machinery of expression, 
is quite another matter. The ancient Greek, a language more highly 
inflected than Latin, and yet making greater use of relational words, 
has been recognized as one of the supreme products of the human 
mind, perhaps the very best medium ever in use for the precise re 
cording and transmission of thought. Latin is another highly in- 
flected language with a notable achievement in the same direction. 
French, as a written language, is still rather highly inflected; and it is 
a vehicle for a precise utterance whose brilliance is perhaps the prod- 
uct of the mentality of its users rather than of anything inherent in 
the form of the language. English is. in the hands of skilled writers, 
capable of precision, but also of many ambiguities which even the 
best scholars fail to note in their own composition. German of sci- 
entific content displays a definiteness of meaning which conveys the 
thought but does not stimulate the emotions or the imagination. 
Esperanto and other artificial languages have not had such careers 
as to establish their qualities along these lines; but they display in- 
evitably the national idiom of the writer, be he German, French, or 
English, and often need retranslation into his idiom before the exact 
meaning can be determined. 

May we not regard a reasonably full set of inflectional endings 
as a valuable check to misunderstanding of the meaning? An Eng- 
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lish-speaking person will naturally understand the implications of 
English word-order, which vary from those of order in French and 
from those of order in German, though not in the fundamentals ; but 
there is no reason to infer that the principles common to these three 
languages are common to other languages of very different types. It 
is quite true that substitutes can be found for endings as indications 
of tense, voice, person, number in verbs, of case, number, gender in 
nouns and in adjectives; but not infrequently these devices betray 
their inefficiency, where endings cannot be mistaken. " I like John 
better than James we need to know whether James is nominative 
or accusative. “ He jumped into the car, covered with dust ” ; an 
ending on the participle would show whether the man or the car was 
dust-covered. “ Seated by my window, a parade went by ” : the 
employment of an inflectional ending will automatically correct the 
hanging participle. iMany other similar instances might be quoted, to 
show the greater efficiency of an inflecting language over a language 
with an ultimate minimum of significant terminations. It may be 
granted that there is a duplication of the signs of interrelation of the 
words, and that in any language there are sure to be terminations 
which are identical with each other and therefore not thoroughly 
perspicuous in meaning; but with all that, for purposes of absolute 
precision, I do not hesitate to declare for an inflected language as the 
best means for recording the results of scientific advancement and of 
communicating them to a world in which imhappily there is a wide 
diversity of languages. 

This line of thought, which might be amplified to much greater 
length by fuller argumentation and presentation of evidence, obvi- 
ously leads to Latin as the proper medium for the scientist who 
wishes to address himself to an international public. We have al- 
ready seen that until less than two centuries ago Latin was the recog- 
nized medium for such use; in some fields, it still remains so. In 
zoology, the only recognized scientific name of an animal is a Latin 
one, consisting of two parts, a generic and a specific one ; all names 
of larger groups, such as families, orders, and so on, are in Latin. 
The botanist similarly names his plants in Latin, species, genus, 
family, everything; he has even, for his own benefit and protection. 
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ruled that the first description of a newly discovered plant, to be con- 
sidered valid, must be couched in Latin. The anatomists, after 
wandering into a bewildering jungle of technical terminology, simpli- 
fied it some thirty years ago by turning every designation into Latin, 
to be used in all lands, whatever the language. The physician writes 
his prescriptions for the pharmacist in Latin, to guard against errors 
in the less objectively expressed national tongue. The chemist ex- 
presses his chemical reactions in algebraic formulas which draw their 
significant letters from the Latin names of the elements. Even 
where the use of Latin is less apparent, it is none the less real; for 
every branch of learning makes its new technical terms from the 
stock of roots and words preserved to us in Latin and in Greek— and 
every Greek word, as we have said, is usable in Latin by a simple 
transliteration. In view of this, it is a quite untenable stand that 
some have taken, that Latin is not capable of expressing the needs 
and the ideas of a modern civilization, altering and progressing al- 
most day by day. 

Latin has moreover the advantage of a reasonably phonetic sys- 
tem of writing, which it shares on approximately even terms with 
German and with Esperanto and other artificial languages, while 
English and French show very imperfect correspondence between the 
written and the spoken forms of the language.^ 

Thus Latin has, as the International Language for the Scientist, 
manifold cjualifications : a vocabulary which is essentially inter- 
national ; a technical terminologv" which is already extremely wide 
and is capable of easy and indefinite extension; an objective standard 
of word-meaning; complete precision in indicating the relations of 
the words to one another; a phonetic alphabet; a career of inter- 
national use which has even to-day not come to an end. Besides 
this, Latin is, of all non-native languages, that language which is 
most studied in the schools of Europe and of America; and its use 
would not inflame international jealousies. 

For scientific use, as for all general international use, some limita- 
tions might be laid. It is not to be expected nor to be desired that 

* On this point, and other features of the problem, I have e.xpressed my 
views more fully than would be relevant in the present paper, in my pamphlet 
“ Latin as the International Au-xiliary Language,” pp. 31, published in 1923 by 
the American Classical League, Princeton, N. J. 
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an international language should be couched in complicated sentences, 
imitating for example the periodic structure of Cicero’s writings ; 
but there is no inherent reason why Latin has to be written in this 
fashion. The writings of scholars in the iMiddle Ages often show a 
simpler form, with shorter sentences and fewer clauses ; simpler 
Latin, but not for that reason other than good Latin. A slight in- 
crease in the use of the prepositions, where usage is more or less 
optional, might be urged also. In diis fashion Latin stands supreme 
as a means of conveying scientific thought to an international public. 

To what extent, finally, are we to expect the use of an inter- 
national medium for scientific publication? After all, it is unthink- 
able that all scientific writing should be couched in the language 
chosen for this purpose, be it Latin or English or Esperanto; it 
would not be worth while. Comparatively little technical writing in 
any field, whether natural scientific, or historical, or linguistic, has a 
permanent value or changes the course of human thought. iMost 
scholars, in any case, would prefer to assure themselves of an im- 
mediate audience among their own compatriots, rather than risk los- 
ing that audience in part for the doubtful favor of a hearing in other 
lands. And so I am not those who would catch a vision of an Inter- 
national Language which is designed as an Auxiliary to the native 
tongue, but will in time spread so widely that fond parents will speak 
it to their infants in the cradle rather than use the declasse vernacular. 
No; the International Language will not reach this point. But, for 
the Scientist, it may well and advantageously serve as the language 
of international journals, presenting in abstract the results of studies 
and investigations in all lands, with occasional longer articles of truly 
lasting worth ; it may serve as the language of those epoch-making 
books which from time to time appear and change the aspect of the 
field which they treat. Such use would, I am sure, be a boon to all 
scholars who are now victims of a modern Babel. 

University of Penxsylvaxi.v. 



SOME PROPERTIES OF SIMPLE ELECTRIC 
CONDUCTING NETWORKS. 

By a. E. KEXXELLY. 

[Read April 26, IQ24.) 

It is known that if in any alternating-current network of 
electric conductors, such as that shown in Fig. 1 (with or without 
transformers in the meshes), two pairs of terminals are selected, 



Fig. 1. Diagram representing a network of alternating-current elements. 

such as a, g and b, h; then, at any given frequency, the system 
may be regarded as possessing, and as being defined by: 

(1) a hyperbolic angle 6, in general complex (hyperbolic radians 

or h\'ps. Z ) ; 

(2) a “geomean ” surge impedance (ohms z): 

(3) an “inequality ratio” q (numeric z)- 

Moreover, the system may be regarded as being reducible, 
either to the dissymmetrical T of Fig. 2, or to the equivalent 
dissymmetrical 11 of Fig. 3, with respect to the two pairs of selected 
terminals, and the selected impressed frequency. The numerical 
values of 9, Zai, and q are obtainable theoretically from three 
12 171 
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measurements of the impedance of the network. In practice, 
however, it is preferable to make four impedance measurements; 
viz., two (Raj and Rag) at the a, g terminals, with the pair b, h 
opened (freed), and shorted (grounded) respectively, followed by a 



Fig. 2 . Dissymmetrical T replacing a network with respect to two pairs of 

terminals. 



Fig. 3 . Dissymmetrical 11 replacing a network with respect to two pairs of 

terminals. 

similar pair {Rbj and Rig) at the b, h terminals, with a and g freed 
and shorted respectiveh'. The angle 6 is then defined by the 
relation 

tanh d = ~ = ~ numeric /. (1) 

The apparent surge impedance on the a side become s Raj -Rag 

ohms z and that on the b side = ^Rb fR hg ohms ^ . The 
geometrical mean of these two gives Zab = '^Zga-z„ij ohms z ; while 
their root ratio gives the inequality ratio g = From 6, 

Zah and q, the equivalent T and 11 of the network with respect to 
these particular two pairs of terminals can be found, as in Fig. 3. 
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It is proposed in this paper to discuss a few elementary cases of 
networks, from the point of view above outlined. 

C-A.se I. The terminals b and h are brought indefinitely close to 
the terminals a and g. {6 = 0.) 

This case is represented in Fig. 4, where the impedances of the 
network are conventionally shown by simple straight lines. The 



Fig. 4. Case of a network having the two pairs of terminals a,g and b,h brought 
infinitely close together {0 =0). 

first pair of terminals, a and g, having been selected, the second pair, 
b and h, are placed almost in contact with the same. Then the 
impedances R^/ and Rh/ are equal, and may be represented by c'? 
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ohms Z , Fig. 5, the vector reciprocal of which is the admittance 
g mhos Z- Shorting at either pair of terminals reduces the 
impedance at the other pair to zero. That is, Ra^ = Rbg = 0. 
Hence 5 = 0, or the angle of the network becomes vanishingly 
small, and -ab = 0, or Vab = ^ ■ Also q = 1; and there ceases to 
be inequality. The corresponding equivalents T and IT of the 
system are shown in Figs. 5 and 6, where the series elements are 
indefinitely small. The impedance is the impedance offered by 
the network, at the selected frequency, as measured from either 
pair of terminals. 

Case II. The in'o pairs of terminals are in “conjugate" relation 
to each other, or are electrically indefinitely ronote. (5 = =c .) 

Fig. 7 represents a particular case of a balanced Wheatstone 
bridge or quadrilateral. Here the network is reduced to four 
elements ab and ah, each of 

1000 + 72000 = 2236 z 63° 26' 6" ohms; 
also bg and hg, each of 

500 + jlOOO = 1118 z 63° 26' 6" ohms. 

Under such conditions, it is evident that the application of e.m.f. 
to the terminals ag will produce no potential difference between 
the terminals bh, and reciprocally. If we measure impedances 
between terminals ag, we obtain : 

Raf = Rag = 750 + 71500 = 1677.05 Z 63° 26' 6" ohms Z 
and 

= tanh 5=1. 

'Raf 

5 = ^, or the angle of the network becomes indefinitely large; 
while Cod = 750 + 7'1500 ohms. Similarly, measuring impedances 
between terminals bh, we have 

Rbf = Rbg = 666.6 + 7'1333.3 = 1490.71 Z 63° 26' 6" ohms. 
Again 

'^RbaiRbf = tanh 0 = 1. 

Hence 

Zab = ^Zgg-Zob = 707.1 + 7'1414.2 = 1581.14 Z 63° 26' 6" ohms 
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and 

q = = 1.06066 Z 0°. 

Fig. 8 shows the equivalent dissymmetrical T of the \\ heatstone 
balanced bridge, with respect to the two pairs of terminals. The 
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Figs. 7 , 8 and 9 . A Wheatstone Balance, with its equivalent dissymmetrical T 
and n. Conjugate Conductor Case yd = =c). 


staff impedance 00 ' is zero, or the staff admittance is inhnitt . 
This infinite leak at 00 ' prevents any current supplied from one 
side from affecting conditions at the other. Fig. 9 shows the 
corresponding dissvmmetrical II. In this case, the architrav e imped- 
ance a''b" is infinite, or its admittance is zero, which introduces a 
complete electrical barrier between the two sides of the system. 

C.tsE III. The two pairs of terminals are in simple “drop-wire" 
relation, the position of the contact point being variable at will. (5 = 0 
to 6 = °o .) 
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Fig. 10 presents the simple continuous-current case of a straight 
uniform wire ag, having a total resistance R, which is here assumed 
as 1000 ohms. The terminal h is made coincident with g; while 


R ,= 71 = 1000“ 





'i-ro -y3~F=: o-yori 
9- = 0 isnjit 

= ^ = TOO"' 


^ = ijr^ = 

Cl r I >-"■ 0 

n 



^ Rn = i'oo" 

= RTi[l-n)= ZS-O" 

tank 6 = r. 0-7o:x 

9= 0 SSuJk 

= = Rri/JT^ ^ 3S3-S'' 

J = AT = O.;o7/ 

Stc^v 5 r 




Figs, io, ii and 12 . Simple Three-Terminal Drop-wire System, with its equiv- 
alent dissymmetrical T and Xl. 0 varies from o to '-c , as n varies from i to o. 


terminal b is a contact, moAable along the wire, so as to include 
Rn ohms between b and h. As shown, n — 0.5, or bli includes 
500 ohms. Then tanh 0 = Vl - k. When k = 1, or 6 coincides 
with a, tanh 0 = 0 and 0 = 0. Again if w = 0, or 6 coincides with 
h, tanh 0 = 1 and 6 = . In the case indicated 0 = 0.88137 hyp. 

The geomean surge impedance xxah = jRVkCI “ ”)> ihis case 500 
ohms. The inequality ratio q = 1/Vw = 1.4142. 

For any such drop-wire system, 0=1 when n = 0.42 very 
nearly; i.e., when the impedance of bh is very nearly 42 per cent, 
of the total impedance ah. 
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SlGXIFICAXCE OF THE HYPERBOLIC AXGLE 6 OF A NETWORK. 

As has already been pointed out, any and every network of 
electric conductors operated at a single frequency in the steady 
state, between a pair of driving or sending-end terminals a, g and 
a pair of driven or receiving-end terminals b, h, possesses or subtends 
a certain complex hyperbolic angle 6. The principal significance 
of this angle relates to the sending-end and receiving-end imped- 
ances of the system, with respect to the two pairs of terminals. 
Thus the driving-point impedance or sending-end impedance is: 
with the receiving-end terminals bh open, 

Raf = =oa coth 6 = qz^b coth 6, ohms Z , (2) 

with the same terminals b, h joined or shorted. 

Rag = -oa tanh d = qzab tanh 6, ohms z , (3) 

and with the same terminals b, h connected through an impedance 
<r ohms z , 

Rag = Soa tanh (d + 6') = qZab tanh {d + 6'), ohms Z , (4) 

where 

6' = tanh~‘ (c hyps Z- (5) 

Thus, in the simple drop-wire case of Fig. 10, if a load of cr = 200 
ohms is applied across the receiving-end terminals b, h, the position 
angle 6' becomes tanh~^ (200/353.55) = 0.64116 hyp., and that of 
the sending-end terminals {6 -+- d') becomes 1.52253 hyps. The 
sending-ehd impedance Rag is then, by (3), 707.1 X tanh 1.52253 
= 642.86 ohms. This result can be obtained more readily, without 
reference to 6, by applying a terminal load of ct = 200 ohms to 
the terminal b' of the equivalent T in Fig. 11, or of the equivalent 
n in Fig. 12, owing to the fundamental simplicity of the system in 
Fig. 10; but in the general case of a complicated network, the 
hyperbolic angle 6 has considerable advantage in computation. 

Again, the receiving-end impedance of a network loaded with 
a ohms Z at the terminals b, h is: 

Zib = Zab sinh d + q<r cosh 6, ohms Z , 

= q{zob sinh 0 + a cosh 9), ohms Z. (5a) 

If cr = 0, or the terminals b, h are shorted, 

Zib ~ Zab sinh 0, 


ohms z • (6) 
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Thus, with a load of c = 200 ohms applied at the receiving-end 
terminals of Fig. 10, as before, Zib = 500 sinh 0.88137 + 1.414? 
X 200 cosh 0.88137 = 500 -f- 400 = 900 ohms: so that an e.m.f. 
of 1 volt applied at the terminals a, g would deliver a current of 
1/900 ampere through the load cr, across terminals b, h. This is 
readily checked by inspection of Figs. 11 and 12. 

Case I\’. A transformer is included in the network. 

When a transformer is included in the network, as at T in 
Fig. 1, it has long been known ^ that it might be replaced by a 
certain equivalent conductive relation. So long as the secondary- 
circuit system is separated from the primary system outside of the 
transformer, the conversion from inductive to conductive connection 
is ordinarily easy. When, however, as in Fig. 1, the secondary 
system is joined to the primary system, or is electrically tested 
for phase relations in reference to the primary system, some dis- 
crepancies present themselves that need to be cleared up, in order 
to reach a definite and unambiguous result. Some ambiguity is to 
be found in recent literature on the subject. It seems that only 
very recently^ the effects of reversing the connections between 
primary and secondary windings, on the equivalent T, have been 
pointed out. It is hoped that the following discussion may aid in 
enabling general agreement to be reached. 

An “ideal ” two-winding transformer may be defined, for present 
purposes, as a transformer devoid of power losses and of magnetic 
leakage. It will, therefore, have vanishingly small resistance in 
either winding, and no hysteresis in the magnetic circuit. All the 
magnetic flux links with all the turns. The inductances of the 
windings being Li and Lq, h enrie s, respectively, their mutual in- 
ductance will be /i = ± henries, where k, the coupling 

coefficient, is unity. The algebraic signs of and are essentially 
positive; but that of is open to either positive or negative inter- 
pretation. The impedance of the windings at an impressed angular 
velocity oj radians per second, where co = 2irf, and / is the frequency 
in cycles per second, will be si = jXico, and 22 = jL^u ohms, respec- 
tively: while the mutual impedance will be AI = ±jixoi ohms, 
either sign being available. We also assume that, in an ideal 

^ Bibliography 2. 

- Bibliography 18. 
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transformer, the capacitance, either between the two windings, or 
between turns in one and the same winding, is negligible in its 
effects: so that when one winding is supplied with a sinusoidal 
current of / rms. amperes, the e.m.f. thereby induced in the other 
winding is MI = ± 7>a.'7 rms. volts, in quadrature with the current, 
the sign being taken as either positive or negative, according to 
the direction of reference adopted. 
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Fig. 13. Pure Level Transformer with 10 per cent, magnetic leakage, direct and 

reverse connections. 


An actual transformer, with its two low -resistance windings 
suitably laid on together over a wooden toroidal core, may furnish, 
for many purposes, a satisfactory approximation to an ideal trans- 
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former, when operated at a low frequency. When, however, the 
coupling coefficient k falls materially short of unity, the transformer, 
otherwise regarded as ideal, may be called a “pure” transformer; 
i.e., as free from power losses, or capacitance disturbances. 

A transformer with equal numbers of primary and secondary 
turns, or unity ratio of transformation, is sometimes described as a 
“level transformer.” Consequently, a level pure transformer has 
no power losses but has magnetic leakage. Consequently, ri = jLico 
= Z 2 = jLocj = jLu ohms, and 21 = db jiiu = ± jkLw. 

Fig. 13 indicates the connections of a level pure transformer, 
with 10 per cent, of magnetic leakage, or a coupling coefficient 
k = 0.9. Each winding has zero resistance, and jlOO ohms re- 
actance, of which jOO ohms is in that part of the winding completely 
interlinked with the other, with jlO ohms in the remaining part 
which is magnetically dissociated. On the left-hand side marked 
“direct” the mutual impedance is taken as 21 = + j90 ohms, and 
on the right-hand side, marked "reverse,” as — j90 ohms, the 
second winding being reversed in the two cases with respect to the 
two pairs of terminals AG and BH. 

With one pair of these terminals open, say BH, the impedance 
offered by the winding connected to the other pair -4G will be 
Ra/ = sx = 7 IOO ohms. Closing the second circuit by shorting 
terminals BH will increase® the impedance, as measured at AG, 
by an amount equal to 2I-;z2 = — 78 I ohms. There is no ambi- 
guity in the sign of this increment, since it depends on M-. It is 
the same in either the direct or reverse connection, and in either 
winding of each. Consequently, in all four cases, Rng = jlOO 
— j81 = jl9 ohms. Moreover, by symmetry, g = 1 for a level 
transformer, and the geomean surge impedance ^RafRag becomes 
So = j43.589 ohms. 

Taking the ratio RagjRaf, or 0.19, as tanh- 6, where 6 is the 
angle of the transformer, we obtain tanh 9 = 0.43589. 

Owing to the double sign of M, we find that there are two 
values of the angle 9, corresponding to the relation tanh 9 = 0.43589. 
One is 9 = 0.46715 hyp., a “real” angle corresponding to the -[- 
sign of M, and the other is 0 = 0.46715 ijV hyp., a complex 
angle, with a circular component of tt radians, or 2 quadrants. 

^ Bibliography 1. 
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This complex 9 corresponds to the — sign of -1/. To these two 
different angles correspond the two different equivalent T's, and 
the two different equivalent H’s, shown in Fig. 13. In the T’s, 
the staff or shunt impedance is -1/, with its appropriate sign: 
while in each T branch is the impedance — d/, or ^2 — d/, to 
correspond. In the direct-connection T, the branch impedances 
are 7IO ohms each. In the reverse-connection T, they are jlQO 
ohms each. Moreover, if there were no magnetic leakage ik = 1), 
the direct T branches would have zero impedance, and the reverse 
T branches would be 2d/, or7200 ohms each. 

It does not seem possible to discriminate between the two T's 
or the two II's, by any regular tests that can be applied to this 
transformer, in which the secondary circuit is kept distinct from, 
and independent of, the primarc". That is, the sign of d/ remains 
ambiguous, so long as the primary and secondary systems are 
independent. Either the direct or the reverse T may be used, 
with any primary source on one side, and any impedance applied 
as a secondary load to the other. In other words, one cannot tell 
whether the connection is direct or reverse, and the terminals may 
be reversed, on the primary or on the secondary side, without 
affecting the impedances, voltages, currents or powers on either side. 

If, however, we interconnect the primary and secondare- sides 
of the transformer, either conductively, or through another trans- 
former, the resulting physical conditions remove the ambiguity, 
and determine the sign of M. Either the direct connection, or 
the reverse connection, is implied, and one only of the two 7 ’s, or 
of the tw'o n’s, must be used, to represent the behavior of the 
transformer. To take a simple case, we may connect terminal A 
to terminal B, and likewise terminal G to terminal 11. This will 
place the two windings in parallel connection. If the connection 
is direct, an examination of the equivalent T, TlcB>^zH., shows that 

7TO 

the joint impedance of the two windings will be + j90 = j95 
ohms; whereas, if the connection is reverse, the other T, 
shows the joint impedance to be — j90 = j5 ohms, or 19 
times less. In the direct case, the current received by the parallel- 
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connected transformer, from 100-volt a.-c. mains, would be — jT.053 
amperes; a simple excitation current; while in the reverse case, 
it would be — jlQ amperes, which would be a short-circuit current. 
Moreover, if there were no magnetic leakage [k = 1), the parallel- 
connected level ideal transformer would take 1 ampere in the 
direct-connection case, and an infinitely great current in the reverse- 
connection case. 
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Fig. 14. Pure Unlevel Transformer, direct and reverse connections. 

Again, if in Fig. 13 we connect together terminals G and II, 
so as to put the two windings in series, the impedance measured 
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between the end terminals A and B will be found, from an exami- 
nation of the equivalent T's, to be_;20 ohms with direct connection, 
and 7380 ohms with reverse connection. The difference between 
these two measurements fjShO), as is well known, is four times the 
mutual reactance d/. Similar remarks apply to the cases indicated 
in Figs. 14 and 15. 

Referring to the network of Fig. 1, with the transformer T 
embedded in it, the interconnection between its primary and 
secondary systems dispels the ambiguity as to the sign of the 
mutual inductance ii and of the mutual impedance d/. One or 
other of the corresponding equivalent T’s will be rendered necessary, 
according as the connection of the transformer is direct or reverse. 
It might not be necessary to ascertain which connection was 
actually used. For two given pairs of terminals, such as a, g and 
b, h, Fig. 1, the values of Rag and i?a/. Rhg and Rb,- should give the 
correct final equivalents T and n of the entire system, transformer 
included; but in analyzing the composition of the final T and 11, 
either the direct or the reverse T and 11 of the transformer, con- 
sidered separateh', would have to be used. 

Consequently, although in dealing with a complicated network, 
like Fig. 1, it may be neither necessary nor desirable to know which 
connection is used in the transformer; yet, in order to replace the 
transformer by an equivalent T in the network, say between termi- 
nals 1, 2, 3 and 4, it would become necessary to ascertain, say by 
a test of the transformer temporarily disconnected from the network, 
whether the direct T or the reverse T should be employed. 

In Fig. 14, the pure transformer indicated is unlevel, and has 
a transformation ratio of 10, with a coupling coefficient = 0.94868; 
so that Cl = j'lOO ohms, = j’lOOO ohms, and M = ± 7300 ohms, 
with 4-7300 for direct, and — 7'300 for inverse connection. The 
impedance due to the secondary closed circuit in the primary is 
— 790 ohms on the Ci side and — 7900 ohms on the z« side. Here 
-a6 = 7'100 ohms, and q = Vo.l. The value of tanh d being 
0.31623, the two values of B are 0.32745 and 0.32745 4- 7 V hyps., 
respectively, according to the -f or — sign of the mutual induc- 
tance fi. 

^Bibliography 12 and 13. 
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If two transformers, of the type shown in Fig. 14, were operated 
as step-up transformers, in parallel for 100-volt mains, and with 
their secondary terminals joined, they would operate in parallel, 
sharing the exciting current, provided that both were direct con- 
nected, or else both reverse connected. If, however, one were 
direct and the other were reverse, they would act as mutual short 
circuits to each other. In any of these cases, the distribution of 
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Fig. 15. General L'nlevel Transformer with Air Core and External Impedances. 
Direct and reverse connections. 
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voltage and current in the system might be found by suitable 
connection of the T's and H's of Fig. 14 with an appropriate source. 

Fig. 15 represents the case of a general type of transformer, 
without core losses, but with resistance in the primary and secondary 
circuits, both internal and external. This case might correspond 
to an ordinary power transformer of 10 : 1 transformation ratio, 
if the shunt leak or staff of the T had resistance as well as reactance, 
to represent the loss of power in the magnetic circuit. The angle 
of the transformer is complex in this case; 6 = 1.50156 + j2.3066 
for direct connection, and 1.50156 + j5.4482 for reverse connection, 
the two differing by rr radians, or 2 quadrants, in the circular 
component. The angle d can ordinarily be found by charts to a 
fair degree of precision.^ 

Terminology. 

Question may be raised as to the applicability of the terms 
“direct” and “ret'erse,” here suggested for the two relative con- 
nections of primary and secondary terminals. This is a mere 
matter of terminology.', and the choice of these terms has no neces- 
sary implication in the arithmetical conditions under consideration. 
Whatet'er terms may be selected, they should not involve any 
disparagement of either mode of connection, because for some 
purposes it may be desirable to use the one. and for other purposes, 
the other. 

A connection is “direct,” in the sense here proposed, when, if 
the transformer were ideal and level, the branch impedances of 
the equivalent T would be zero or the terminal A would be in 
direct connection with terminal B, as against 24/ ohms in each 
branch when reverse. The angle 0 of the transformer would be 
real for direct, as against complex for reverse, connection. The 
staff impedance 4/ of the equivalent T would be + jfiw direct, as 
against — Jtiu reverse. The two windings would be applied in 
the same sense and towards the same parts direct, as against 
relatively crossed or with reversed wires when reverse. When the 
primary and secondary windings are connected in series, their 
total impedance is greater when connected reverse than when 
connected direct, by the amount 44/. 

^ Bibliography 10. 
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CON'CLUSIONS. 

1. The angle 5 of a network, with respect to two pairs of termi- 
nals, may var\- from 0, when the terminals are close together 
(a near b and g near /;), to infinity, when they are very remote, 
or stand in conjugate relation. In a simple drop-wire circuit, the 
full-range movement of the contact point will cause d to vary 
from 0 to M . 

2. Any transformer may be regarded as possessing an angle 6, 
with respect to its primary and secondary terminals. This angle 
differs between the direct and reverse connection by Jtt radians or 
j2 quadrants. 

3. The algebraic sign of /x, the mutual inductance of any induc- 
tion coil or transformer, is ambiguous. The ambiguity cannot 
ordinarily be cleared up, and ordinarily does not need to be, so 
long as the primary and secondary circuits are separated, either 
sign being admissible. When, however, the primary and secondary 
circuits are connected either conductively, or inductively through 
a second transformer, the ambiguity disappears, and the sign is 
either -f- or — according as the transformer connection is direct 
or reverse. In an ideal transformer, the + sign involves a value 
of M = -+- for the staff impedance of the equivalent T in direct 
connection and d/ = — j/xw in reverse connection. 

4. Reversing either the primary or the secondary terminals of a 
transformer, with respect to the corresponding winding, will change 
the connection from direct to reverse, or oppositely. 

5. Either the direct or inverse equivalent T will represent the 
electrical behavior of a transformer with separated primary and 
secondary circuits. Only one of them, corresponding to the actual 
internal connections, can, however, properly apply, when the 
primary and secondary circuits are brought into connection. 

6. The direct or reverse connection of a transformer or trans- 
formers, embedded in a conducting network, may not be made 
evident by tests at two pairs of terminals on the network, but in 
order to replace a transformer in the network by the proper equiv- 
alent T, its connections must be ascertained, as to whether they 
are direct or reverse. 

7. As a matter of terminology, the validity of the terms “direct” 
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and “reverse,'’ as ahoxe suggested and defined, is debatable; but 
some such distinguishing terms would be useful. 

List OF Symbols Employed. 

D = Rj — R,,, ditfcrence in impedances due to shorting at opposite 
ends (ohms / ). 

A = G,, — G, , difference in admittances due to shorting at opposite 
ends (mhos / '(. 

/, frequency of sinusoidal current in a circuit (cycles per secondl. 
Gar, G„,,., admittance of a network at a terminals tchen freed and 
shorted at h respectixely (mhos / ). 
g, admittance of the stall leak in an eqiuYalent T Cmhos z >• 
gi, go, admittances of the pillar leaks in an equivalent IT (mhos Z >• 
6, angle of a transformer or of a nettvork with respect to two pairs 
of terminals (h>-perbolic ra.dians or h\-ps. z^. 

6'. angle of a load at the receiving end of a network (hyps. Z). 

I, value of a sinusoidal iilterntuing current (amperes'. 

j = v^, 

k — — - , coupling coefficient of a transformer (numeric'). 

Vlil, 

Li. La. inductances of the two windings of a transformer (henries'). 
-1/ = dzj/dix', mutual impedance of a transformer (ohms zh 
M = ± k^LiLa. mutual inductance of two transformer windings 
(henries'). 

n, the ratio of secondary to primarc’ impedance in a simple drop- 
wire system (numeric Z )• 

V, architrave admittance of a If (mhos z). 

If, tcpe of etiuic'alcnt circuit having one impedance in series and 
two terminal leaks. 

TT = 3.14159. . . 

Q = g cosh 6 1 ^ factor in assigning the elements of an equiva- 

sinh 6 

lent 7’ or II (numeric Z). 

-cosh d — I 

Q = 1 ; ^ a factor in assigning the elements of an equiva- 

sinh 0 

lent Tor II (numeric z)- 
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5 ~ Oil 0 fc f inequality factor of a network or of its equivalent T 

or 11 (numeric Z.)- 

impedance of the staff leak in an equivalent T (ohms /). 

Raf, impedance of a network measured from the a, g terminals with 
the b, h terminals free (ohms /). 

Rag, impedance of a network measured from the a, g terminals with 
the b, h terminals shorted (ohms z). 

Raa, impedance of a network measured from the a, g terminals with 
the b, h terminals connected through an impedance of 
a ohms. 

p, architrave impedance of an equivalent 11 (ohms /)• 

Pi, p 2 , impedances of the arms or line branches of an equivalent T 
(ohms z). 

a, a terminal load impedance at the receiving-end terminals 
(ohms z )• 

yah = geomean surge admittance of a network or of its 

equivalent T or n (mhos z). 

Zih, receiving-end impedance of a network at b terminals (ohms z)- 

si, ^ 2 , impedances of the two windings of a transformer (ohms z)- 

Zo, surge impedance of a symmetrical network (ohms z)- 

Zoa = surge impedance of a network from the a, £ terminals 

(ohms z)- 

Zob = surge impedance of a network from the 5, // terminals 

(ohms z). 

Zab ~ ^ Zoa' Zab, geomean surge impedance of a network or of its 
equivalent T or n (ohms z). 

CO = Itt/, angular velocity impressed on a network or transformer 
(radians/second) . 
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By JOHX DVXEI.EV I^RIXCE. 

RluJ by li le .4 pn! 24, ICJ24. ■ 

IXTRODrCTIOX. 

The Island of Bornholm lies in the Baltic Sea. 115 miles east of 
Copenhagen, about 22 miles south of the Swedish coast, and 50 
miles north of the Clerman island of Rtigen. The total area of the 
island, which also includes the little group of isles known as Chris- 
tianso, is 225 square miles, with a population of ofer 43,000. 
Bornholm fON.^ Borgundarholmiir) was the habitat in prehistoric 
times of an early Nordic race and there are still a number of stone 
circles, mant’ so-called baiitarsteinur - and other jtrimitit'e remains 
on the island, especially in the neighborhood of Almindingen and 
Gudhjem. The population developed later into predatory \'ikings, 
who were long notorious for their marauding proclit'ities. In the 
twelfth century, Bornholm became a fief of the Archbishop of Lund, 
under which sway the island remained until 1510, when it was 
seized by the Hanseatic League, but was captured bt’ the Danes in 
1522, and returned by them to the City of Lubeck in 1526. The 
Swedes took the island in 1625, and their domination was assented to 
by Denmark in 1658 b\ the Peace of Roskilde. The Bornholmers, 
howet'er, desired to be Danish and themseh es e.Ypelled the Swedish 
garrison in 1660, since which date Bornholm has been an integral 
part of Denmark. The curious round churches built in tower-shape 
and completely circular, with walls often si.\ feet thick, form one of 
the most interesting features of the island. These buildings, which 
date from the twelfth and thirteenth centuries, were undoubtedly 
used at an early dtite for purposes of defence. 

The Bornholmers have alwat s had their distinct speech, which, 
although popularh' regarded by the other Danes as a Swedish 
dialect, is really the modern representative of the old East Danish 

1 Old Xorse: Borgitmlarhi'ilmr; Icel. -hnlmiir, a torni which in a modified 
form, Borgiinderholni, was used until quite recently in Danish. 

- bautarsteinar memorial stones. 
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linguistic group to which south Scandian, now in Sweden, also 
belongs. Bornholmsk shows only a superficial resemblance to true 
Swedish. 

The distinctiveh' Danish dialects may be classified as follows; 
fl) West Danish, comprising the several idioms of Jutland, whose 
chief pectiliaritt' is the complete rejection of the OX. ending -a ; 
(2) Island Danish, comprising the dialects of Fyen-Langeland ; 
north and south Sjaelland, including the city idiom of Copenhagen, 
a refined form of which has become the standard Danish (Rigs- 
sprog), and the almost uniform speech of Lolland-Falster, all which 
variants substitute -e for the OX. -a ; (3) East Danish : Bornholmsk 
and southern Scandian iskiiisk) in Stteden, shading towards the 
north into real Swedish : both groups retain the OX. -a, in distinction 
from the other dh'isions. 

Similarly to the linguistic movement on the Faeroes, there exists 
a less organized action on Bornliolm to lay stress on the local dialect 
which they call a ''language," because it is unintelligible to other 
Danes, and mant- purists on the island strongly resent the constantly 
increasing introduction of Danisms from the standard tongue. 
They are equally annoyed at the statement that Bornholmsk is a 
Swedish patois, pointing out that so different is their language 
from Swedish that, when Swedes come to settle on Bornholm, they 
never learn to speak the dialect correctly. This is perfectly true, 
as no real Swede can pronounce the palatalized consonants which 
distinguish Bornholmsk (see below) from most other Germanic 
idioms. The Frisian of Sylt is distinctly palatal and the ordinary 
soft 1 of modern Icel. is practically a palatal lingual. The B. 7i 
(palatal gn) is. however, rare in Germanic dialects, appearing how- 
ever in certain other Danish variants, as in Jutland and Fyen. 

There arc, so far as I know, no societies devoted to the pres- 
ervation of Bornholmsk, for which reason the dialect will in the 
course of time be crowded out by the Standard Danish of the 
government schools, a process which has already begun in the 
towns, particularly in Ronne. the capital of the island. The most 
striking popular defence of the local idiom is that of P. Mbller, a 
landscape gardener, who in his “ Bornholm Language” ^ laments the 
Del Bornholmske Sprog af P. Mutter, Ilavearkitekt og Landskabsgartner, 
Runne, 191S. 
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decay of the old words and forms and inveighs against the “snob- 
bish” desire of the younger people to assimilate their beautiful 
speech to the harsh and monotonous phonetics of Copenhagen. 
Moller’s description of the dialect is, however, not scientific and, 
therefore, not so valuable for the purpose of record as the highly 
accurate phonetic treatise of Prof. \’ilhelm Thomsen and that of 
Prof. Ludvig F. A. Wimmer on the Bomholmsk grammar, both 
included in J. C. S. Espersen’s “Bornholm Dictionary.” ■* It 
should be added that Bomholmsk has had two poets of considerable 
merit; viz., Espersen himself and J. P. Mdller (d. 1891) who, al- 
though only a baker in Allinge, was a highly gifted and many-sided 
genius. Some of the poems of both these writers are given in the 
edition of the dictionary in question There is also a very good 
collection of Bornholm melodies assembled by H. Johansen,® which 
gives a large number of characteristic native folksongs, with words 
and music. 

The material for the present sketch, which, so far as known, is 
the first description in English of Bomholmsk, was obtained during 
a visit to the Island from a number of personal sources, especially 
from natives resident at some distance from the towns. The best 
speaker of the dialect whom I heard was a Mrs. Jespersen, the 
custodian of one of the most ancient of the round churches, who 
was able to speak both Danish and Bomholmsk without confusion. 
This material has been amplified and confirmed by the above 
mentioned works. 

Phonetics.’ 

The Bomholmsk phonetics are rather complicated and the 
difficulty of recording the dialect is greatly magnified by the 
accepted method of writing, which, in at least one important respect, 
is inaccurate, as the combination -jn is used throughout for two 

^ J. C. S. Espersen, Bomholmsk Ordbog, med Indledning og Tillaeg, udgivet af 
del Kgl. Danske Videnskabernes Selskab, Copenhagen, 1908. 

° See Bomholmsk Ordbog, pp. 150-169. 

® Viser i Bomholmsk Mundart, samlede af H. Johansen, Ronne, 1911. 

’The following abbreviations have been used: B. = Bomholmsk; conj. 
= conjunction; D. = Danish; def. = definite; Eng. = English; Germ. = Ger- 
man; Icel. = modern Icelandic; indef. = indefinite; n. = note; OD. = Old 
Danish; ON. = Old Norse; pi. = plural; sg. = singular; Sw. = Swedish; 
Wimmer = article in Introduction to Espersen’s Ordbog Bomholmsk (n. 4L 
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different sounds: viz., for ng as in singing and for the palatal gn 
as in French signe (= n). The system dates from Espersen's 
manuscript prepared in the early half of the nineteenth century, 
but corrected to a certain extent, as indicated above, by Prof. 
Thomsen. It should be noted, hotvever, that some of the modern 
writers in the dialect now distinguish between the soft ng-sound 
and the palatal w, using ng for the former and jn only for the latter 
vocable. 

The rules for the pronunciation of Bornholmsk may be tabulated 
as follows: a, flat, as in hat\ a or a, as ah-, aa = D. long aa, like 
Eng. 0 in lone-, b, as in Eng.: never soft as medial or final, as in 
D.; d = hard d as initial, but nearly as dh (= th in this) as medial 
or final, except that medial dd is always pronounced hard and with 
emphasis (final d is sometimes omitted, as in vad ‘what,’ but it is 
usually omitted in writing in such cases): e = em met-, e = ee in 
Germ. Seek; f as in Eng., often omitted in pronunciation as a 
medial, as aette = efter = ‘after’ — ota = ofta ‘often,’ etc.; g, as 
Eng. hard g; gj or g is the palatalized g, an approximation between 
dy and soft Eng. h, as in Eng.; -i = short i in pin; I = ee in 
feel; j = Eng. consonantal y, when B. j is used consonantally 
(but see just below) ; jd = d' = palatalized d (d*') ; jl = /’ = pal- 
atalized /, as Span, ll; jn = n, as in French signe, but in some 
texts = ng as in singing (see above); k as in Eng.; kj = c. palatal- 
ized ch as Pol. c; I, almost like the American I in well (not so hard 
as the Eng. pronunciation) ; m and n as in Eng. ; o = obscure Sw. 
0, almost 00 in good; o = Eng. oh; p, as in Eng.; r, always trilled 
on the tip of the tongue (never gutturalized as in D.); 5 , as initial 
= 5 in sad — as medial or final = Eng. s in rose ( = r) and is usually 
indicated by r in such cases; sj = i, a palatalized sh like Polish s 
and often a trifle rougher, like an obscure Eng. sh; skj and stj = 5 c; 
viz., 5 with palatal c; t, as in Eng.; /’ = c; it = oo in soot; il = Sw. 
long u, like the Magyar u (not Germ, ii); v, hard and never slurred 
as in D.; w occurs chiefly in the combination aw = on in house, 
sometimes written au (or on); y (always a vowel) = D. y or 
Magxmr ii; a = Eng. o in mortal {aa is used for the long vowel); 
dj, diphthong of d and short i; ae, when short, almost = a in hat; 
ae = Eng. a in rare; aej diphthong of ae and short i; aew, diphthong 
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of ae and short d = i in bird and sometimes short Germ, li, 
as in D. kod 'meat.’ 


IXTOXATinX .\XD Accext. 

Bomholmsk lias no gloit.il catch, so freciuent in standard Danish 
and Jtictish. but. like the Danish dialects of Lolland-Falster and 
Fyen-Langeland. uses the glided \'o\vel excltish eh-. Unlike Sw., 
B. has no distinct musical tones, although there exists in B. a 
recognized rather monotonous musical intonation, which causes the 
Copenhageners to assert that the Bornholmers "sing.” This in- 
tonation is more agreeable than the "sobbing" cadence used by 
the vulgar Copenhageners. There is, therefore, in B. no tonal 
differentiation in meaning, as. for ex., in Sw. between axel ‘axle’ 
and axel 'shoulder,’ pronounced respectively dxel (two tones) and 
axel (one tone;. The word is aiesel in B. for both senses, which 
must be determined b\- context. Wimmer points out (pp. 66-67) 
that the stress-accent in B. dilifers very slightly from that of the 
standard D., and that, when it does differ, the stress resembles 
Sw. or else is entireh’ distinct, as in nouns ending in -i such as 
eskeri, where the accent max- rest on the first or the last sxdlable 
indifferently; thus, feskeri means ‘fishery’ in general, hut f eskeri 
= ‘fishing.’ 

It is doubtful whether Bornholmers will ever learn to pronounce 
D. after the standard fashion, as exen the young children find the 
glottal catch an impossibility. Danish spoken xvithout this un- 
pleasing peculiarity always indicates an "outsider”; xdz., either a 
foreigner or a rural person. 

It should be noted that, xvhen consonants are doubled in B., 
they must be dxvelt upon in the same manner as in Italian, a 
phenomenon tinknoxvn in Danish, but usual in Sxvedish. 

The following extrticts, the first in the accepted spelling xvith 
the literal Danish and Sxxedish equix-alent text, the second in the 
accepted spelling xvith Wimmer’s phonetic xersion and Danish 
translation, and the third in phonetic rendering as heard by me 
xvith Danish equivalent, xvill serve to illustrate the dialect. 



PRIXXn— THK DAXISH DIALECT OF BORXHOLil 


195 


lA 

Barrijnhdhnanid, doer nu i mdnga .lar hd (1) arbajad hot te a jaa (2; ddrra 
Bornholmente, der nu i mange Aar htir arbeidet hen til at faa deres 
Bornholtnarna, som nu i manga dr ha arbetat for att fd sitt 

Sprang salt pad Modan, hd. fnrudan di farra (3) hder i Baagen omtalde 
Sprog sat paa iloden, har, foriiden de faa her i Bogen omtalte 
sprdk sati pd model, ha, forutom de fd har i boken omtalte 

Maudarna, die tad ddejn sompla Framgaiigsniaadan te Jaelp, Idejefram a o' 
Maaderne, ogsaa taget den simple Freingangsmaade til Hjaelp, ligefrem at 
metoder, ocksd lagit det enkla tilli-agagdende till hjalp, rent av at 

kassera en Maejnde Dr, som ha syjnts dom d earra for birrijnhilmska, 
kassere en Maengdc Ord, som syntes dem a' vaere for bornholmske, 
kassera en stor del ord, som syntes dem art eani for bornholmska, 

aejle som, me enra \fi'' Dr, hd vdd (4i dom for mdjed forsjellia fraa dl datiske. 
eller som, med andre Ord, har I'oeret dem altfor forskellige fra de danske. 
eller som, med anJra ord, ha earit dem altfor skilda frin de danska. 

Su har laart Sprang jit i ajl derene Fid vad et raejt X) Apraag, sd ti kojne (Si 
Su har ivrt Sprog jo fra Arilds Tid eaeret et rigt Sprog, saa at id kan 
Xu har i\irt sprdk ju fnin iiraldriga tider larit ett rikt sprdk, sd ait id kunna 

sdjtas i9) ojniaera ijn Ilaaien Or a (3) liiael hd nok te Htlzbehaio. 
sagtens undiaera en IMasse Ord og alhgeiel haie nok til Husbrug. 
verkligeii itndvara mdnga Ord ock Itkial haia nog tilt hushehov. 

Men ser (Kll tjn lijd ndjara aette 1,1D, Her ijn snarl idr (12), a de[d'< ijkje naer 
Men ser man lidt noiagtere efter, bluer man snort upmaerksom paa, at de ikke naer 
Aden ser man lite nogare efter, hlir man snart opmarksam pd, att de icke 

altid e di Orn som id baest kojne ojniaere (ISI, di ha kassert (14), men a di 
altid er de Ord som vi bedst kan undiaere, de har kasseret, men at de 
altid aro de ord som id bast kunna undvara, de ha kasserat, men att de 

mdjed ota (11) e (V som id kojne hd Brog for d som ndiae kajn aerstattas (13) 
meget ofte er Ord som id kan have Brugfor og som neppe kan erstattes 
mycket ofta aro ord som id kunna hava briik for ock som knappt kunna ersattas 

me aenkla danska ( 'a. ( 'la e deidhi ed Or som doer ska flera danska Or te d 

med enkelte danska Ord. Ofte er det et Ord som der skal fiere danske Ord til at 
med enkla danska ord. Ofta ar det ett ord som det behoves Hera danska ord tilt att 

forklura d for manga a dom ska doer ejndaa sd gated hela Saetnijner te d 
forklare og for mange af dem skal der endog jindes hele Saetninger til at 
forklara ock for manga av dem skota aven anvandas hela salningar till att 

Det Bornholmske Sprog, p. 71 (n. 3). The numerals refer to the commentary 
below. 
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forkldra. Delta e sd fordrjelit, a ijn kajn ble hell hdrmse (,15l paaed, 
forklare. Dette er saa forargeligt, at man kan blk-e helt vred paa det, 
forklara. Delta ar sd forargelsesvackande, att man kan bli helt vred pd det, 

naar ijn taenjnkjer saj, a de{d) e vaara djena Landsmaejn som — i 
naar man taenker sig, at det er vore egne Landsmaend som — -i 
nar man tanker sig, att det aro vara egna landsman som — i 

ren Forblijnelse — hdr barred dom sd rystoppena (161 gdled (17) ad. Mende{d) e dw 
ren Forhlindelse — har baaret dem saa ganske gait ad. Men det er ogsaa 
ren forhlindelse — ha burit sig sd ganska galet dt. Men del ar ocksd 

forarjelit, a di ha kassert soddena (18) Or, for, sael om dessa kajn udtrykja 
forargeligt, at de har kasseret saadanne Ord,for, selv om disse kan udtrykke 
forargelsesvackande, att de ha kasserat sddana ord, ty aven om dessa kunna uttrycka 

Menijnen, sd kajn di alri komma te d passa i vaart Spraag, men vil stbdda 
Belydningen, saa kan de aldrig komma til at passe i vort Sprog, men vil stbde 
betydelsen, sd kunna de aldrig komma till att vara passande i vdrt sprdk, men skola 
stota 

d skdrra i Orn d gjdrra vaart aejlans sd naetta bdrrijnhdlmska Spraag styjgjara. 
og hakke Orene og gore vort ellers saa behaglige bornholmske Sprog grimmere. 
ock hacka oronen ock gora vdrt annars sd behagliga bornholmska sprdk fulare. 


Literal Translation. 

The Bornholmers, ivho now for many years have worked to get 
their language made fashionable, have, in addition to the few 
methods mentioned in this book, also adopted (taken) the simple 
procedure of rejecting a great many words which seemed to them 
to be too Bornholmsk or, in other words, which have seemed 
(been) to them too different from the Danish (words). Now, our 
language has been from time immemorial a rich language, so that 
we really can do without a lot of words and at the same time have 
enough left over for household use. But if one examines the case 
a little more closely (exactly), one will at once (soon) be aware 
that it is not by any means always those words which we can best 
dispense with that they have rejected, but that these are very 
often words which we could have use for and which scarcely can 
be replaced by single Danish words. Often it is a word which it 
takes several Danish words to explain and, for many of them, 
even whole sentences must be used to explain (them). This is so 
annoying that one can get very' angry at it, when one considers that 
it is our own countrymen who, in sheer blindness, have behaved 
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(themselves) so stupidly. But it is also annoying that they have 
rejected such words, because (= for), even if these {i.e., the new 
words chosen) can express the sense, they can never come to be 
suitable in our language, but will shock and irritate ( = cut) (our) 
ears and make our otherwise so agreeable Bornholmsk language 
(much) more ugly. 


II.8 


God an'tan, liden Elna Gods fred! 

Good evening, little Elna, God's peace! 
God awtan, min deilia rosal 
Good evening my beautiful rose! 
ad gubbajn hajnvill freia, jd vedd. 

That the old man will court you I know, 
Men toiistuijn vastu jo toza. 

But if you took him, you would be a 
foolish lass. 

Te dfrol dedh lakkar I'ell snarara, Du! 
To funeral ale it is drawing near (for 
him), do you see? 

En konna — dedh bier nok for sijlla, 

A wife — it is much too late (for that). 
Men jd gir d stjarnar pd piblana nu, 
But I am going to peep at the girls now, 

Forr jd e pd nd nu id vijlla. 

For I am almost ready (to marry). 
Hvad, liden Elna! Hvad min deilia roza! 
What, little Elna! What my beautiful 
rose! 


Go d’Man, lldhen Aelna, go{dh)s fredh! 
God Aften, Idle Elna, Guds Fred! 

Go dsetan, min ddjiia roza! 

God Aften min deilige Rose! 

A gobban had veil frdjja, jd vedh, 

At Gubben vil vel fri, veed jeg, 

!Maen tdustuin, vastu (19) ju toza. 

Men tog Du ham, var Du jo en Tosse. 

Te efrol de’ lakkar vael snarara, Du! 

Til Gravol lakker det nok snarere, Du! 

En kdnna — de’ bier ndk (20) far sil’l'a, 
En Kone — det bliver nok for silde, 
Maen jd gar d scaernar (21) pd piblananu, 
Men jeg gaar og kigger paa Pigerne nu, 

Fdr jd e pdnd nu sd vil’l'a. 

For nu er jeg naesten i Stand dertil. 
Vd, lldhen Aelna! Vd, min ddjiia roza! 
Hvad lille Elna! Hvad min deilige 
Rose! 


III.'' 

COLLOQUI.XL PhR.XSES. 

Se haer vd jd hdr te ddj; praestih vd haeruda a jd ficc de{d) udd (22) hannbm. 

Se her hvad jeg har til Dig; Presten var herude ogjegfik det fra ham. 

See here what I have for you; the priest was out there and I got it from him. 

Maa jante (23) gaa ie caerca? Ja, maen hor vd jd sdjjer ddj; kom sndrl ijen te 
baellana (2-t). 

Maa jeg ikke gaa til Kirken! Ja, men hor hvad jeg siger Dig; kom snart tilbage til 
Bornene. 

May I not go to church now? Yes, but listen to w'hat I tell you; come back soon 
to the children. 

* See N. 9. 

® Bornholmsk Ordhog, p. 150 (n. 4). 
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Hon jicc ed dned sin A folds men i25i jemm. Haii fore-na (26; me saj. 

Hun aendeede sin Mening ogfulgde med ham hjem. Han forde hende med sig. 

She changed her mind and went home with him. He took her with him. 

Roserna tdva darra bid ml. Vinterin kommer. 

Rosenie lobe deres Blade nu. Yinteren kommer. 

The roses are losing their petals now. Winter is coming. 

Han liar hi lidiii hnrra [21) A to pibla (28). Han liar tre baella. 

Han liar een lille Dreng og to Piger. Han liar tre Born. 

He has one little boy and two little girls. He has three children. 

Horrin nic p/yl 09) u hoiiin som Iiaii mote paa vaen. 

Drengen nk Prygl fra Bouden som han modte paa Vejen. 

The boy got a beating (a cudgel) from the peasant whom he met on the road. 

De(d) I’d nice (inte) notti A gdrra, 

Del 'ear ikke nod'eendigt at gore. 

It was not necessary to do that. 

Korn hder, goa venner, d tan jorr en rilzl 

Kom her, gode I'enner, og drik Xoget [tag Jer en Riis = ‘get drunk’)! 

Come here, good friends, and have a drink (with us)! 

Han taente paa a gefta saj a gicc ud d frdjja a saa mute hah en pajja (30) daer 
aelskadih (.31) mujed. 

Han taenkte paa at gifts sig og saa gik han ud at frie og traf en Pige der elskede ham 
meget. 

He thought of getting married and so he went out and met a girl who loved him 
very much. 

E daer I'unn (32) tidi citan (33)2 Ja, maen de(d) maa dunte (34) faa. De{d) ska 
hestana hd. 

Er der (’and i Spanden? Ja, men det maa Du ikke faa. Det skal Hestene have. 

Is there water in the pail? Yes, but you can't have that. The horses must 
have it. 

Lokk dorn op a Idh (35) gaa ud. 

Liikk Dorren op og lad ham gaa ud. 

Open the door and let him go out. 

Liir e piblan nu? Hon fann horrih a trac men (25) jemm. 

Ili'or er Pigebarnet nu? Ilun fandt Drengen og Irak hjem med ham. 

Where is the little girl now? She found the boy and went home with him. 

Ilaii spore nidj ska ja ge jorr in barrinhdlmsk sang; maen de' kah jante gdrra farr 
ja har forgatt al't. 

Han spurgde mig, om jeg vil give Jer en bornholmsk Sang (36), men det kan jeg ikke 
gore, for jeg har glemt det Ilele. 

He asked me to give you a Bornholm song, but I cannot, for I have forgotten 
everything. 
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Commentary on the Text?. 

(li arbajdd ' worked' ; dlso written arbeaJ and arhiad. 

(2) darra 'thuir': used in B., as in D. as the 3 p. possessive reflexive, which 
in Sw. is always sin im. and 1. 1 , siti (n.': pi. sina, used for both sg. and pi. 

(3 1 iarra 'few'; note -rr- and the redundant pi. -a (cf. Icel. /uhi- ' . 

i4i tad, contraction for taged 'taken'; cf. rad lor i-drid 'been' i other examples 
below i. 

i5i li = conj. os; 'and,' the prep, af 'of las in udd, n. 23,i and also the infin. 
particle at. 

(6; aura, pi. of diiiii 'other' ■ D. ]jl. andreo Note the elision of d, pronounced 
in both D. and Sw. 

i7' The k is completely elided from the original kt = -k. plus neuter 
raekt i D. rigti and the subsequent palatalization of the / to c m. 9i. 

'8i kojne = hone: pres, pi kunne. as Sw. kunna, but lost in D. = kan for 
both numbers. 

l9i sajtas = saoc as = D, saglens 'really'; note elision of g ^original gt) 
and palatalization of / to c, and total disappearance of -n icf. n. 7 c 

ilOi ijn = III = D. ceil 'one,' used in B. for the D. and Germ, indef. man 

iFr. one The indef. man is never used in true B. 

(Ill aette = D, efter 'after' and ON. eptie. Heretliereis no palatalization as 
in nn. 7 and 9. Note also B. 0:a = D. ofte. with compensative long a for loss of 

(12i vdr 'aware' = D. and Norse tur i,not in use in colloquial D. = Germ. 

gc'u.'aki'. 

(13i ojireaei-c 'dispense with'; a Danism: iiiid-eaere in D. is a Germanism like 
undi'ara in Sw. = Germ eiitbehreii. It should really be uiidvarra in B., as the 
verb 'to be,' on whose analogc- the word is made, is i\irra. Note also B. aerstattas 
= D. erstatles, also a Germanisiii, from erstaiten. 

(141 kassirt 'rejected'; observe the absence of the vowel ui bcTore the 
participial t (D. kasseret: Sw. kasseratk 

(15 1 Iiuniise 'angry'; cf. Sw. haniiscii ‘angry’ and D. Ilaniie 'indignation.’ 

(16,1 rystoppena galed 'exceedingly stupidly'; used in B. only with galed-, 
OD. ryskgalen 'very angry' i rvsi’cr means ‘ mad ' in B.i. Toppena = Dalicarlian 
tuppandc (Espersen, 279) 'one who is excessive,' probably cognate with Germ. 
toben 'rage' tthus EspersenL 

(17) gated 'stupid' = .Sw. gaJet. 

(18) soddena 'such,' pi. Note o for D. short aa, pron. like short Eng. uw; 
D. saadaiie, but Sw. sadan, with long a. 

fl9) taiistuin ‘tookst thou him' = 'if thou didst take him' = OD. togst Du 
ham. 

(2(1) ndk 'enough,' pron. almost like short nok, as in D.; cf. Sw. nog. 

(21) scaeniar 'stare'; cogn. with Eng. stare more than with D. stirre. The 
expression pdnd = D. iitiesleii 'almost' is purely B., and now almost obsolete. 
Pdnd is probably a translation of Germ, heinahe (cf. Fri.sian biiiai\ Sylt.i. 

(22) udd liaiiiiomiir. ht. ‘out of him’ (see n. 5,) = D. iidaf in the same sense 
(cf. New York slang: opi"n him 'from him'). 

(23) jante = ja iiite '1 not.’ 

(24) baella 'children.' This stem is probably not baig 'bellows,' from the 
pot bellies of small children, but the same as in south Germ, biibli, dim. of bube 
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‘boy.’ It is seen also in Scotch billy ‘boy, lad.’ It is probable that the Amer. 
slang Bill, used in address for any name at all, contains the forgotten sense boy. 
The sg. in B. is baell with the masc. article baellin ‘the child.' 

(251 men = medin ‘with him’; D. med’en = med ham. 

(26) fore-na = fore kaeiie ‘he took her.’ 

(27) horra ‘boy’: a difficult word and purely B., thought by some to be 
cogn. with herre in Smalandsk ollJierre ‘cattle-boy’ (Espersen, 131), but this herre 
is probably a variant of Sw. herds, seen m farherde shepherd; D. Hyrde\ Germ. 
Hirt and scarcely connected with B. Note that the form Iwrk ‘boy’ is used in 
North Sjaelland and also in Jutland for boy in an opprobrious sense. With this 
latter use, cf. Scotch ha',jhie ‘clumsy lad.' These latter forms may be diminutives 
of the original stem of B. horra. 

(2S) pibla, pi. of pibel ‘small girl,’ undoubtedly a combination of pi{ga) 
‘girl' and baell ‘child’ and exactly equivalent to D. Pigebarn ‘little girl.’ A 
grown girl in B. is pajja (see n. 30). 

(29) pryl ‘cudgel, beating’ = D. Prygl. 

(30) 'grown girl’ = 'D.Pige; Sw. />;ga ‘ maid ’ ; in distinction from 
‘girl-child.’ 

(31) aelskadin ‘loved him’; D. colloquial: ehkede-en (ham), 

(32) vann ‘water’ = D. Vand, for ON. vain, Sw. vatten. The form vann is 
still used in Scandia for vatten. 

(33) cita ‘pail, bucket’; also written kjita-, cogn. with Eng. kit ‘tub’ and 
probably also with kettle. Kit in the sense ‘outfit’ is still used in the -A.mer. 
slang phrase: whole kit and hoodie (caboodle, a cowboy word from Span, capital 
stock, property). 

(34) diinte = du inte thou not. 

(35) Idn = Id-in ‘let him’ = D. lad’en (pron. colloquially la-en — lad ham). 

(.36) Note the direct oration peculiar to primitive idioms. 

Gra.mm.\tical Sketch. 

Article and Xoiin. 

The grammar of B. is much more complicated than that of 
either Danish or Swedish, the chief reason being that in B. a dis- 
tinction is made between the masc. and fern, genders, whereas in 
both Danish and Swedish this distinction has long passed away, 
the two genders having completely coalesced in Danish and also 
in all Swedish except the most antiquated style, which, even in 
church writings, is rapidly going out of use. Thus, it is unusual 
to-day to find the masc. e-form of the def. adjective as distinct from 
the fern, and neuter form. All Swedes say and write at the present 
day min hdra van ‘my dear friend’ (masc.) instead of the more 
correct older form kare for masc., while kura was used for fern, and 
neuter definites. A similar blending of the masc. and fern, genders 
has all but taken place in modern Dutch, where one says ik zie de 
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man ‘I see the man,’ instead of ik zie den man, and this, in spite of 
the efforts of the purist school, who are striving to retain the older 
form, at least in writing. B. is one of the few living Scandinavian 
idioms, not excepting Icelandic and Faeroese, in which both the 
definite and indefinite articles distinguish the masc. from the fern. 
It is true that in Icel. and Faeroese a distinction is still made in 
writing; viz., masc. hinn, fem. hin ‘the,’ but the pronunciation is 
the same for both genders. B. has both an indef. and def. article 
different for all three genders; viz., indef. in man ‘a man’; en 
kanna ‘a woman’; ed hiiz ‘a house,’ a peculiarity paralleled chiefly 
in the Jtittish of \'ensyssel and to some extent on Fyen. In B., 
the def. article is daen, daen, dedJi for the prefixed form, which is, 
however, not so common as the suffixed definite, whose forms are 
masc. -n, -in\ fem. -w, en; neut. -d, -ed; pi. -na for masc. and fem., 
and -en for neuters. It will be observed chat the masc. sg. is 
distinguished b}- the palatal -n. 

The following paradigm will illustrate the method of using the 
def. suffixes: 


Strong Nouns. 

arm, mo, da, sag, brd, d, hiiz, trae 


Masc. 

drmin ‘the arm’ 

main ‘the windrow’ 

ddii ‘the day’ 


PI. 

drmana 

moana 

ddna 


Fem. 

sagen ‘the affair’ 

broen 'the bridge’ 

on ‘the island’ 


PI. 

sagarna 

broania 

orna 


Neut. 

hiized 'the house’ 

trded ’the tree’ 



PI. 

hiizen 

train 





WE.rK Nouns. 




tima, barrjara, kange, dga, caerca, farstd{e)lse, bra, aehbla, raeje 


Masc. 

timan ‘the hour’ 

bdrrjarin ‘the citizen' 

kangin ‘the king' 


PI. 

tlmana 

bdrrjania 

kdngarna 


Fem. 

ogafi ‘ the week ' 

caercan ‘the church’ 

fdrstd{e)lsen ‘the understand- 

PI. 

ogarna 

caercarna 

fdrsld{e)lsarna 

ling’ 

Neut. 

or ad ‘the ear’ 

aebblad ‘the apple’ 

raejed ‘the kingdom’ 


PL 

orn 

aebblen 

rdijen 



There are certain rules indicating variations of the connecting 
vowel between the noun and the def. articles, which need not be 
entered into here. 
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It should be noted, however, that horra or hCirra 'boy' makes its 
def. harriii 'the boy’; pi. hiirrana 'the boys,' like hdrrjara (see 
abovej. Like ora 'ear,' only the netit. djja 'eye' occurs, pi, djjen 
‘ the eyes,’ but def. sg. djjed 'the eye,' probabK' a Danism resembling 
D. diet ‘the eye’ (pr, ojedh), for the earlier B. djjad. 

It will be observed that in these forms, as well as in the follow- 
ing examples of inflection, B. resembles modern .Sw. more than the 
standard D. This is especially noticeable in the neuters; cf. Sw. 
dra-t 'the ear,' pi. oron-en. in which word there is no distinction in 
B. between the indef. and def. pi., i.e., both = orn. The same 
principle applies to the Sw. apple 'apple,’ pi. dpplen, but def. pi. 
dpplena. On the other hand, B. huz 'house,’ pi. ///7c; but def. pi. 
hiizen 'the houses’ is exactly like the Sw. : hiis, pi. hits', def. pi. 
husen. 

Xoini Inflection. 

So far as nouns and adjectives are concerned there is no case 
inflection such as appears in Faeroese or Icelandic, but the system 
of forming the plural (indef.,) of nouns should be briefly illustrated. 
The resemblance is closest to the Sw.. although the B, forms 
themselves are not directly derived from .Sw., but are a normal 
development of OD. 

It will he obsert'ed from the following examples (a) that the 
strong and weak masc. groups incline to the pure a-plural, with the 
exception fjf a few inst/inces ; (h) that the strong and weak feminines 
both incline to the -cr (-rLending, and (c) that the strong neuters 
hat e gener.ilh- no jtl. ending, while the weak neuters incline to -n, 
or also have no ending. 


STRf>xG Nouns. 


Ma=r. 

unn 'arm' 

azcsel ‘axle’ 

uio ‘wmdniw’ 

dd ‘da\’’ ^aest ‘guest 

FI. 

anna 

azcsla 

mda 

dd gaester 

Feni. 

sag 'affair' 

azcscl ‘shoulder 

’ hrd ‘bridge’ 

D ‘island’ ;/(i/ ‘ needle ' 

PI. 

sager 

aici>ler 

brOer 

I'r nala 

Neut . 

buz 'house' 


tnie ‘tree’ 

haned ‘ disu ict 

PL 

hilz 


true 

harreder 
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Masc. 

tinia ‘hour’ 

bdrrjara ‘citizen’ 

kange ‘king’ 

PL 

tinia 

hdrrjara 

k Linger 

Feni. 

bga ‘week’ 

caerca (caerka': ‘church’ 

fdrstdteilse ‘understanding’ 

PL 

oger 

caerccr U'aerker) 

fdrstd(e)Iser 

Neut. 

ora ‘ear' 

aebhla ‘apple’ 

rdeje ‘ kingdom ’ 

PL 

ora 

aebhla 

raeje 


The aboA'e divisions are easily understocd. It tvill be obsert ed 
that the class represented by da ‘day’ (masc.) does not change for 
the pi. It is a model for such words as std ‘place’ = OX. ‘ stddhr.’ 
Only practice can teach the learner when nouns ending in a vowel 
take the -a in the pi. like md-a. In the strong fern, nouns, the class 
represented by vdl ‘needle’ is very small. Saen ‘bed’ (f.) belongs 
to it, as does aeii ‘meadow.’ The pi. of pibel ‘little girl’ is pibla, 
as the second component element is bad! ‘child,’ pi. baella. Of the 
strong neuters, some neuters of foreign origin belong to the harred- 
class (pi. -er), as best ‘beast,’ pi. bester; ifisekt, pi. iusekter, etc. 
Of the weak masculines, the llma-class represents the old f-mascu- 
lines, as OX. iimi ‘hour.’ Many nouns belong to the oga-caerca- 
class. The weak neuters comprise (a) a small group in -a = the 
OX. neuters in -a; (6) some neuters in -e = the OX. neuters in /. 
Xote that for &jja ‘eye’ = OX. auga, one of the few B. nouns 
inflected like ora, there is an old B. form Iva ‘eye.’ pi. Iven. Jdrta 
‘heart’ has pi. jdrta. A very large class is inflected like aebble 
and raeje. The ending ii is seen in vii'inu ‘window’ (sg. and pi.) 
and varru ‘business’ (cf. Icel. verslun), hut B. libymii ‘honey’ is 
used only in the sg. = OD. hiiniigli. 

Adjectives. 

The indef. adjective in B., like that in OX. and modern Icel. 
and Faeroese, distinguishes between all three genders; viz., masc. 
goer ‘good,’ fern, go, neut. gait, pi. goa (all genders) 

fattier ‘ poor' fatli fattit, pi. fatlia 

vider ‘wide’ vJd vitt (= vidt), pi. vlda 

The rule is that the indef. must end in -er in the masc., the fern, 
has no ending, while the neuter adds -t which frequently modifies 
the preceding syllable. The indef. pi. ends in -a for all genders. 
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No such distinction is made in the def. adjectival form followed 
by the definite noun : 

Masc. goa ‘ (the) good’ pi. 

Fem. 

Neut. 

/aW/o ‘ (the) poor’ p\. fattie 

Vida ‘(the) wide’ vide 

The def. sg. of all genders ends in -a (there is no masc. def. -e, 
as in old Sw.), while the pi. ending for all genders is -e, a distinctive 
Bornholmism based on D. -e, def. pi. and sg. 

Adjectives form their comparative by ~ara (more often now -ere, 
following D.) and the superlative by -ast, def. -esta. Thus brilner 
‘brown,’ bruuara, brSnasl; but def., bnlnesta; pi. briineste. The 
same irregularities appear as in the other Scandinavian idioms; 
lunger ‘long’ — laengre — laenst; goer ‘good’ — baere — baest, etc. The 
superlative has no differentiation for gender and number in the 
indef., but has both, as just shown, for the definite. 

NUMER.tLS. 


The numerals up to ten cardinals and ordinals are as follows: 


Masc. 

Fem. Neut. 

Danish 


Danish 

in 

en ed 

en, et ‘one’ 

fdrsta (fdsta) ‘first’ 

forst{e) 

to 


to ‘two’ 

dura (pi. andra) 

andeit (pi. andre) 

tre 


tre ‘three’ 

trede 

tred je 

Jir{a) 


fire ‘four’ 

fjaere 

fjerde 

fae?n 


fem ‘ five ’ 

faemte 

fenite 

sajs 

‘six’ 

seks 

iaete 

s jette 

Sli 

‘ sewn ' 

syv 

hiene 

syvende 

dt{a) 

‘eight ' 

otte 

dtene 

ottende 

ni 

‘nine’ 

ni 

iiiene 

nieiide 

ti 

‘ten’ 

ti 

tiene 

tiende 


It should be observed that the numerals ‘fift\-’ to ‘ninety,’ 
inch, are not formed as in Sw. and Norse faemti, seksti, etc., but as 
in D., by the addition of hall- and the suffix senscive; viz., liall- 
trosenscive ‘fifty,’ D. halvlredsindstyve, etc. This method of reckon- 
ing is peculiarly Danish, and resembles the Celtic system, still used 
in Welsh, and appearing in French. 
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Pronouns. 


B. 


D. 

Sw. 

B. 


D. 

Sw. 


‘r 

jeg 

jag 

han 

‘ he’ 

han 

han 

mdj 

‘ me ’ 

mig 

mig 

hannom ‘him’ 

ham 

honoin 



fpr. maj) 

(,pr. mej'i 

Jion 

‘she’ 

hun 

hon 

I'l, vi 

‘ we ’ 

vi 

vi 

Jiaeue 

‘her’ 

hende 

henne 

vds 

‘ us’ 

os 

OSS 





ty ni 

‘ you ’ 

i 

i 

di 

‘they’ 

de 

de 

jaerr,jarr 

‘you’ (acc.) 

Jer 

Eder (er) 

dam 

‘them’ 

dem 

dem 


The possessives are respectively min, min, met ‘my’; pi. imna\ 
din. din, del: pi. dlna-, refl. sin, sin, set; pi. slna, declined like 
indef. adjectives; hans 'his'; haenes ‘her’ indecl.; var {vares and 
rare, viresa), neut. vart; pi. vara; jaer, r\e\xt. jaert ‘your’; p\. jaera, 
declined like adjectives and darre ‘their,’ indecl. The relatives 
are simply the indeclinable daer (nom. only) and sum ‘who, which, 
what.’ The interr. is vekkin, vekken, vekked ; pi. vekkene, a pronomi- 
nal indef. adjective. 

\'erbs. 

The B. verb, like that of the other Scandinavian dialects, has 
only two pure tenses; viz., the present and preterite, making the 
future and past definite by means of auxiliaries. B., unlike D., 
distinguishes between the sg. and pi. of the pres, tense by omitting 
the -r of the sg. and in most instances by using -a in the pi. In the 
pret., as in Sw., B. sometimes has a distinctive pi. form, which, as 
in colloquial Sw., is dying out in ordinary usage. 

The following examples of both strong and weak verbs will 
suffice to show the formation: a bina ‘to bind’; ja biner ‘I bind’; 
vl bina ‘we bind'; Jd bant ‘I bound,’ vl bone ‘we bound’; jd bar 
boned ‘I have bound’ = D. at binde.jeg binder, vi binder, jeg bandt, 
vi bandt; jeg har hiindet; Sw. att binda, jag binder, vi binda; jag 
band, vi bund uni; jag har biindit. Ablaut is as common in B. as in 
its sister idioms; thus, gcr ‘gives’; gd ‘gave,’ but ged ‘given’; 
far ‘drives’; for ‘drove’; fored ‘driven,’ etc. The verb ‘to go’ 
requires special mention; d gd ‘to go’; jd gar, vl gd; jd gicc, vl 
gecce; jd e gdd. In Gudhjem, this verb still has the half weak 
formgdHwa; gdhiiar, gdiiiia; gdiinada; gangiti. 

The weak verbs form the pret. by -dc, -t and the past parte, by 
masc. -der; fem. -d, neut. -t, which neuter form is used with the 
auxiliary ha ‘have’ to form the pure past definite. Thus, d rla 
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‘to ride’; jd rier, vl rla; jd, vl ride ('rode'); jd hdr rlt; d taella ‘to 
count’; jd taeller, vl taella- jd, vl talde, jd hdr tdlt] d vlla ‘to rest’; 
jd viler, Vl vlla-, jd, vl vllada; jd hdr vllad. 

The auxiliaries are konna ‘to be able’: jd ka/i ‘I can’; vl hone 
‘we can'; jd, vl kohne ‘we could’; jd hdr kohhad-, jd ska ‘I shall’; 
skol'l'e ‘should’; past parte, skolad; vel'l'a ‘to will’: jd vel, pi. vl 
vella; jd, vl vel'l'a ‘would’; jd hdr vellad ‘I have wished.’ The 
verb ‘to have’ is d hdva, jd hdr, vl hd,jd, vl hdde,jd hdr had. 

The middle passive in -5 appears, as in D. and Sw., as saettas 
‘to be put’ and the -5 is suffixed to all the tenses, including the past 
parte, satis. The direct use of the -5 has disappeared in D. with 
the past participle, where the -5 is suffixed as a rule to the pret, -de 
and the tense construed with the verb vaere ‘ to be ’ as det er lykkedes ; 
but Sw, det liar lyckats ‘it has succeeded.’ 

Finally, the following forms should be noted: gak, imper. of 
gd ‘go’; estii ‘art thou’; vdstii ‘wert thou’: sdstii ‘sawest thou’; 
tdivstii ‘ tookst thou,’ etc. The old gerundive in -5 also occurs in B. 
drikkenes = D. drikkeitde ‘drinking,’ etc. 

Music. 

The Bornholmers have preserved a wealth of folk-songs, many 
of them of real, value and excelling those of any part of Denmark in 
beauty, although none of the D. folk-songs are equal to the Sw. 
in pure melody and musical form. The Danes have of late years 
begun to discard their old folk-music for modern European produc- 
tions and, in their desire not to be ‘‘Scandinavian,” are inclined to 
look upon anything essentially old Danish as ‘‘\ulgar” and be- 
longing to the “servant” classes. This, however, is not the case on 
Bornholm, where a genuine pride is felt in the old airs. 

The following specimen, giving the melody of the song recorded 
above (IF), is a very characteristic Bornholm air. It will be noted 
that the old Scandinavian influence lingers in the musical phrase- 
ology, a phenomenon which is apparent in many of the island songs, 
where, of course, the Scandian influence predominates, although 
some few of the refrain-songs show German contact. 

Leg.xtion of the L'nited St.\tes of Americ,\, 

COPENH.^GEX. 

“ Viser i Bornholnisk Miindarl, p. 134 (n. 6). 
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ARE THE A'ARIOUS RACES OF AIAX POTEXTIALLA' 

EQUAL? 


Bv H. X. HALL. 

(Read April jj. 1924.) 

In the absence of accurate special means for the appraisal of in- 
telligence and character, it is permissible to apply the test of history 
to the consideration of the achievements of a race and from an ex- 
amination of its past performances to predict its probable future. 

In order to answer the question which has been proposed, we may 
restrict our attention to one group of people relatively homogeneous 
in physical constitution and appearance, that is to one race. If we 
find that the culture of such a group is likewise homogeneous and if 
study of this culture reveals a certain type of spiritual weakness which 
has kept the race backward throughout its history, we are of course 
justified in saying that this race is not the equal of the race or races 
whose mental vigor has been responsible for the building up of what 
we know as civilization. If this kind of inferiority is incurable and 
so, we may infer, congenital, we must of course also deny that the 
race in question is potentially as well as actually the equal of the 
civilized peoples. 

I believe that a study of the culture of the negro and of the his- 
tory of his contacts with white civilization justifies this conclusion 
with regard to him. 

The most instructive of negro institutions for the purposes of our 
problem is that of the kingship or chieftainship in Africa. 

Autocracy is characteristic of negro government and that in the 
highest degree where government is most highly organized. And on 
all sides in Africa we find that certain peculiar characters accompany 
the institution. Either the ruler is a magician or he is in some sense 
divine. 

In the region of the upper Xile, among .-^uch tribes as the Bari 
and the Latuka, the magicians, whose principal function is that 
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of rain-making, are the chiefs. “ Rain is the one thing which 
matters to the people in those districts, for if it does not come 
down at the right time, this means ” that their animals and their 
crops, their only resources, are destroyed. These chiefs, the rain- 
makers, have various ways of producing rain. One may have a col- 
lection of rain-stones, such as rock-crystals and amethysts. These 
he plunges into water, and taking a cane, beckons with it to the 
clouds, accompanying his gestures with an incantation. Another will 
pour water upon the entrails of a sheep or goat placed in the hollow 
of a stone, and then sprinkle the water towards the sky. Among the 
Dinka, the rainmaker chiefs are believed to be animated by the spirits 
of former great rainmakers. The king of the Shilluk on the White 
Nile reincarnates the spirit of the semi-divine founder of the dynasty 
who brought the tribe into its present territory. Cattle are dedicated 
to the shrines of the kings and sacrifices are offered there as well as 
at the shrines of their great forerunner. The regard, reverence, or 
worship which the Shilluk pay to their king is due to the fact that 
the spirit which is reincarnated in him is responsible for the health 
and increase of their cattle and crops. 

In East -Africa we find a similar state of affairs. In Uganda, 
the sympathetic relation that is believed to exist between the vital 
forces of nature and those of the king is again shown in the tending 
of certain trees planted near the king’s residence. “ It w'as believed 
that as they grew and flourished so the king’s life and powers would 
increase.” But the confidence that the royal or divine powder was so 
closely bound up with the forces of nature that the latter were con- 
trolled by it is more directly seen in Uganda from an institution 
which at intervals temporarily superseded the kingship. There was 
a god who lived in Lake Victoria who sometimes took up his abode 
in a priest or priestess. When this incarnation took place the person 
in whom the god was now incarnate became for the time being the 
supreme power in the land, not only in matters of faith and ritual 
but in questions of war and politics. He was consulted as an oracle ; 
not onlv could he inflict or cure disease, but, above all, he could with- 
hold rain and cause famine. 

In Alombasa the king was able to produce rain. Further south, 
we hear from a Portuguese historian of the Zimba or Muzimba who 
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regarded their king as a divinity. If it rained when he did not wish 
it or if it was too hot. he shot arrows at the sky for not obeying him. 
This is no doubt a half understood statement of the powers of a 
royal rainmaker ; on the opposite coast, the king of Loango brought 
rain by shooting an arrow up into the air. 

In South Africa, much the same conditions are found. Sorcerers 
are held in great esteem, especially for their rainmaking powers. If 
they are not always rulers, they are held in such regard as to be 
formidable rivals to the chiefs. Chaka, the famous Zulu tvrant of 
a century ago, declared that he was the only magician in his country. 
He would tolerate no rival who laid claim to magical power. 

In A\ est Africa, in Lower Guinea, the fetish ruler Kukiilu regu- 
lated the winds and storms. In Togoland, a fetish priest who is the 
real ruler of his piart of the country had charge of the fetish Bagba. 
This fetish sent or withheld the rain and was lord also of the winds. 
The King of Loango, as we have seen, had a similar power over the 
elements. In the parts of West Africa further north, where the 
purer negro as distinguished from the Bantu culture obtains, we find 
sometimes a division of power between a fetish king and a civil king, 
although the former is really supreme, and here again he controls the 
weather. Where, as in Dahomey or Ashanti or Benin, powerful 
states were formed, the tendency has been to unite the fetish and 
civil powers in a single ruler. 

These instance' serve to show the wide prevalence in negro 
Africa of this attitude towards chiefs and kings. It indicates 
clearly enough. I think, a willing subservience of the negroes towards 
their rulers not through any consciousness of political necessity or 
expediency but because of an inveterate tendency in the negro mind 
to seek safety in dependence on a superior being, to shift the re- 
sponsibility for coping with difficulty and danger to some power or 
authority outside himself — even in the ordinary crises which arise 
in the daily course of events. It is obviously due to weakness of 
will and inability to persist in the most necessary and usual undertak- 
ings without leaning on the support of a superior. 

These ruling magicians and divine or semi-divine kings, who are 
a response to the demand for some extraordinary power to deal 
with the unexpected or the merely difficult or dangerous, are 
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themselves often curbed with all sorts of limitations and surrounded 
with taboos. This is evidently due to the same factor in the negro 
disposition. The chief is, after all, at any rate to some extent, of 
the same human nature as his subjects and hence to some degree 
shares in the disabilities which make them a prey to the caprices of 
the mysterious forces of nature. So he must be hedged about with 
rules of behavior which insure the maintenance of his sympathetic 
relation with those forces. It is simply a case of making assurance 
of safety doubly sure. The regulations not only restrict the chief’s 
liberty but sometimes even involve his life. So long as the magically 
or divinely controlled relations with the all-powerful forces is main- 
tained. the individual controller is often of secondary importance. 

One of tb.e conditions on which a ruler of this kind holds power 
is that he must show no symptoms of bodily weakness or decay. It 
is the kind of analogy on which the assumptions of sympathetic 
magic are based. If the chief’s strength diminishes, if he becomes 
ill or senile, this has a similar effect on the forces with which he is in 
sympathetic relation or which, embodied in him, control the increase 
of the crops and herds. The Shilluk king spoken of just now was 
put to death when he showed signs of ill health or of failing strength. 
Xo Dinka rainmaker was allowed to die a natural death of illness or 
old age; he was put to death when his physical powers showed signs 
of flagging, lest the tribe should sufi’er from disease and famine and 
the herds fail to yield their increase. Among the East Central 
African neighbors of the Baganda, the Banyoro, if the king fell 
seriously ill or began to fail through old age, he had to commit suicide 
by taking poison; if he faltered in this duty, his wife must administer 
the dose. On the upper Congo the king of Kibanga was strangled 
under similar circumstances. Among the Hausa in Northern Nigeria 
an ailing or infirm king was throttled by a special official known as 
the killer of the elephant. There is reason to believe that a similar 
custom once existed among the Zulus. Even a slight bodily blemish, 
such as the loss of a tooth, was a sufficient pretext for insisting that 
the Kaffir king of Sofala must take poison. That even in Africa the 
custom may be pushed to the point of extinction through its own ab- 
surdity is shown by the case of the kingdom of Kabinda at the mouth 
of the Congo. The rule there was that the chief who became its 
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ruler was always killed on the night after his induction into office. 
For a long time there have been no claimants to the throne of 
Kabinda. 

Yet at Gatri, on the Benue River, a tributary of the Xiger, where 
the number of years a king was to reign was settled by the electors, 
although the candidate knew that after a limited time he would be 
made drunk on guinea-corn beer and then speared, such is the inertia 
of negro custom and such the fatalism which accompanies the typical 
negro disposition, that there is no record of the royal stool standing 
vacant. 

In ancient times the Ethiopian kings of kleroe were worshipped 
as gods, let their lives were at the mercy of the priests, who. when 
it pleased them, used to send a messenger to the king to say that an 
oracle of the gods had decreed his death. Ergamenes. a contempo- 
rary of Ptolemy I\’, was the first king to disobey this order. When 
the message arrived he took a body of soldiers to the temple and put 
the priests to the sword. Ergamenes had received a Greek educa- 
tion which must have endowed him with a small amount of resolution 
necessary for so elementary an effort at self-preservation. And his 
example does not seem to have had a lasting effect. In some tribes 
of Fazokl, in the very same region, down to modern times the king 
had to administer justice daily under a certain tree. If from sick- 
ness or any other cause he failed to discharge this duty for three suc- 
cessive days, he was hanged on that tree in a noose which contained 
two razors so arranged that when the noose was drawn tight by the 
weight of his body the razors cut his throat. The people of Meroe 
have from the time of Herodotus been of mixed race, with the negro 
element always growing stronger down to the present time. 

Of other restrictions on the liberty of action of persons of royal 
or chiefly rank in negro Africa it is necessary to mention only a few. 
The fetish king Kukulu, of whom we have heard before, lived alone 
in a wood ; he must not leave his house ; he must not touch a woman ; 
he must not even leave his chair; he must sleep in it sitting, because 
if he lay down no wind would blow and navigation would be stopped. 
iVmong the Evhe-speaking peoples of the Slave Coast, the king, who 
was also the high priest, could leave his house only by night. Only 
his representative to the people, the so-called “ visible king.” together 
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with the three chosen elders, might speak to him and then only when 
seated upon an ox-hide with their backs turned to him. He was not 
allowed to see any European or to look at the sea. The kings of 
Dahomey and of Loango were subject to the same prohibition with 
regard to the sea. In Loango as in Uganda, the king must not be 
seen eating, on pain of death to the beholder. As a general rule the 
purpose of these restrictions, like those which caused great chiefs to 
be put to death, is in some way or other to preserve unimpaired the 
powers of the chief which direct or sympathetically affect the forces 
of nature which it is desired to control. 

It is not claimed, of course, that this kind of institution is peculiar 
to the negro. The institution of the divine chief with his taboos is 
known also, for example, especially in Fiji and Polynesia. Some- 
thing not unlike it may even have obtained at one time among our 
own ancestors. But among the people from whom our civilization 
in this country is chiefly descended, whatever divinity may once have 
hedged a king was, as far back as we can trace the institution, coun- 
terbalanced by checks and restrictions which had a political rather 
than a religious bearing. The system had in it the germ which made 
possible the further development of individual and social freedom, 
as distinct from a system like that of the negro, which by its very 
nature was a closed one — incapable of further useful development. 
The restrictions binding the negro chief and his people in their rela- 
tions to him could only perpetuate superstition and submission to 
blind forces. It is true that restrictions of a political kind on the 
power of the chief were also present. The foreign and domestic 
policies of negro states were often subject to control by a council* of 
elders. But this only tended to throw power into the hands of an 
oligarchy who could use the supernatural or magical qualities attrib- 
uted to the king and to themselves for the maintenance of their own 
power. In other cases this political limitation of the supreme power 
was made futile by the fact that the ruler bj- magical or divine right 
had absolute power of life and death over all his subjects and could 
also confiscate their property. 

It has been said that the power of inhibition involved in the ob- 
servance of innumerable taboos binding not only the chiefs but their 
subjects also is not consistent with feebleness of will and the conse- 
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quent lack of persistence in effort. Such tahoos commonly prohibited 
various kinds of food and also on certain occa.'ions any contact with 
women. In view of the well-known uxoriousness of the negro, it 
is claimed that abstinence of the second kind esecially shows that he 
could exert considerable will power. But it has to be remembered 
that such taboos were enforced by what was for the negro a very 
real terror. As between the penalty for the infraction of a taboo, 
which was often death, and a merely temporary abstinence, there was 
not. one would think, much difficulty of choice. 

The history of the negro in the Xew World shows that even 
where he has been removed from the surroundings in which his own 
in.'titutions were developed the mental disposition out of which 
those institutions grew has persisted unchanged in essentials. He 
still leans upon forces outside of himself. The fetishism of which 
the institutions which we have been considering are the most highly 
developed expression still persists. In the British colonies in the 
New A'orld it is still necessary to keep in the laws severe penalties 
against obeahmen, whose influence remains strong. This in spite 
of the fact that the negroes have been subjected to the influence of 
European civilization for three hundred years, and that during a 
great part of that time ministers of numerous Christian sects have 
worked diligently to root out superstition. In Haiti for more than 
a century the negro has had the opportunity to work out his own 
salvation under leaders of his own race; and it is precisely in 
Haiti that we find voodooism and political oppression and corrup- 
tion dividing the field of authority between them. In the United 
States and elsewhere on this side of the Atlantic such limited 
progress as the negro has made is due to white philanthropists and 
to leaders of mixed race. These are his external suiierior forces 
and he knows it. and he leans on them. 

So far as the evidence from history is concerned the peculiar 
mental disposition of the negro is unchanged, and it seems unchange- 
able. This mental disposition keeps him backward and we have no 
reason to suppose that in comparison with the white man he will ever 
be anything else. 

UxivERsiTY or Pexxsylvaxia, 

Philadflphia, Pa. 



ARE THE RACES POTEXTLVLLY EQUAL? 

By ALEXANDER GOLDEXAVEISER 
(RiLid April 3 ^. 1924.) 

Hr. Hall has just regaled us with delightful bits of negro magic. 
There is no denying the interest and quaininess of the data he has 
presented. But what is the bearing of this folk-loristic panorama on 
the question of racial equality or ability? 

.\s an anthropologist iMr. Hall need not be told that even in the 
very field of magic he has so thoroughly scanned, modern man can 
not by any means boast of a clean slate. "We have heard of the 
supernatural powers attributed to negro kings. But how about the 
kings of Europe — today ( or shall we say yesterday) ? AMien some 
two generations ago the imperial train carrying Ale.\.ander III. and 
the royal family was derailed with tragic consequences, but their 
majesties suffered no injury, the event was hailed throughout Russia 
as a manifestation of Divine Providence. Needless to say. the ruler 
of All the Russias lost no time making capital of this special sign of 
supernatural favor. Or shall I remind you of William 11. who made 
no secret of his belief that his ideas and acts were directly inspired 
by the Creator? And in this faith he did not stand alone. 

H'ith us, moreover, as with the African negroes, supernaturalism 
is not by anv means restricted to royalty. Women no longer believe 
that the eating of a twin banana will result in a similar multiplication 
of offspring, but many of them, when about to become mothers, still 
frequent concerts and libraries in the fond hope and expectation cif 
thus imparting to their issue the qualities of musicianship and scholar- 
liness. We mav not see as many visions as was man's wont in 
earlier davs. or when we do, discount them ; but we still dream 
dreams, and many there are among us who do not shrink from ascrib- 
ing to dreams the significance of omens and prognostications. 
Charms and amulets, mysteriously acting stones and the evil eye, 
symbolic numbers, lucky and unlucky days, mental action at a dis- 
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tance (and this is the very kernel of magic!) — all these are still with 

us. . . . 

But let us waive this issue and glance at the problem of racial 
comparability in somewhat more systematic fashion. 

First, then, comes man physical or biological. Are the physical 
differences between the races such as to permit a grading into a pro- 
gressive series from the animal upward? The answer is a decisive 
no. When white man is examined as an integral specimen, his pale 
skin, his refinement of feature, his harmoniously svmmetrical de- 
velopment and, last but not least, his aesthetic appeal to our senses, 
seem to prejudge the case at once in his favor. Surely no other race 
has reached a physical development so remote from that of the 
animal and otherwise so satisfactory, both anatomically and aestheti- 
cally 1 But if abandoning this impressionistic approach, one ex- 
amines man feature by feature, the conclusion can hardly be the 
same. 

Take, for instance, the red external lips, a trait distinctly human, 
for animals, even the highest, are devoid of it. Now no one can 
deny that in this particular feature the Negro race has traveled far 
ahead of the others and therefore furthest away from its animal 
prototype. Or. take hairiness of the face and of the body generally. 
From the standpoint of this feature, the Negro, hlongol and Ameri- 
can Indian would justly claim a certificate of advanced humanity, for 
their hairiness, a trait characteristic of most animals, is but slight. 
The Australian, on the other hand, is in comparison quite animalistic, 
for he is very hairy indeed. In this, however, he is like one other 
race, namely white man, who is as hairy as the Australian. 

And so on with other features. There is no possilfility of a serial 
grading from animal to man as far as the actually existing races are 
concerned. They must be regarded as specialized developments 
from the animal, proceeding in different directions. 

Then, there is man neurological and psychological. How does 
the case stand here? It is. of course, obvious that the general de- 
velopment of higher animals culminating in man, is accompanied by 
a progressive increase in the relative weight and size of the nervous 
system and in particular of the brain. But when the level of human- 
ity is once reached, the case is no longer so simple. 



GOLDEXWEISER— ARE RACES POTEXTLALLY EQUAL? 217 


Many efforts have been made to prove that races other than the 
white are, on the whole, characterized by smaller and lighter brains. 
In the light of more careful study this position can no longer be sus- 
tained. In the only instance where sufficient data for a definitive 
conclusion are available, that of the Xegro and the white, the situa- 
tion is about as follows : the majority of negro and white brains vary 
between the same limits of size and weight. However, a small num- 
ber of white brains seems to occur which are heavier and larger than 
any normal negro brains and an equally small number of the latter 
which are smaller and lighter than any normal white man's brains. 
At first blush this seems impressive, but heed must be paid to an im- 
portant complication. Do brain size and weight stand in a definite 
ratio to what is called intelligence? The popular view to the con- 
trary notwithstanding, this question must be answered in the nega- 
tive. It seems that within the limits of variation of the human spe- 
cies practically any degree of intelligence is compatible with any 
normal brain size and weight. In other words, speaking of the white 
race alone, a thousand intellectually distinguished individuals would 
in their brain size and weight be comparable to a thousand average 
individuals. It follows that no conclusion inimical to the negro race 
can be based on the above noted slight discrepancy. 

There is. of course, the further question of brain convolutions 
which are in some way related to brain organization and mental per- 
formance. But this aspect of the subject is so replete with questions 
asked and unanswered, that no conclusion can be hazarded by the un- 
prejudiced. 

Then come the sense reactions and psychological processes gen- 
erallv. In this realm the notion is still prevalent that races other 
than the white are distinguished by sensory acuity but by a relatively 
inferior development of the so-called higher mental faculties. Both 
characteristics are, of course, interpreted in a sense inimical to the 
non-white races. To put it bluntly; they can not think as well as 
white man does but they can hear, smell and see better, just as some 
animals do. 

But all this belongs to opinion, not to balanced objective judg- 
ment. Neither psychological tests nor our general experience with 
non-white races, when critically evaluated, reveal any superiority of 
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these races to white man in sensory acuity. It is true that in primi- 
tive conditions man lives in close contact with nature anil that in this 
setting he often learns to make better use of his senses than does 
white man in his highly artificial civilization. But all this is a matter 
of habituation through practice. The -Vustralian bu-.hmau would 
fare no better on Broadway than does a white man in the jungle! 

As to other psychological traits, the consensus of opinion of un- 
prejudiced mankind, among whom are missionaries, travelers, and 
scientists, is to the effect that for better or worse, man's mind works 
about the same the world over. Also, is it not fairly obvious that the 
psychological characteristics usually attributed to the races are once 
more of the acquired, not of the congenital, variety? The stolidity 
of the Indian, the reserve of the IMongol, the emotionalism of the 
Xegro. are not any more inherent qualities than is the vindictiveness 
of the Italian, the logic of the French, the pedantry of the German, 
the sentimentality of the Russian, the stupidity of the English, or the 
frankness of the American. Each and all. these traits are cultural, 
acciuired through education and subject to change when social en- 
vironment changes. 

I do not want to be understood as holding that the psychological 
identity of races is either proved or likely to be so. The contrarv is, 
in fact, more probable. That the great physical differentiation of 
the races should not have been accompanied by some corresponding 
psychological differentiation, is hard to suppose. Some day when 
we are better informed about these matters we may find that certain 
psychological differentia do obtain between the races. On the other 
hand, it would be gratuitous to assume that such differential racial 
traits would prove classifiable as higher and lower in the range of 
mental aptitudes. 

I realize that all this may impress you as unduly detached and 
academic. hat do we care, I hear you say, about lips and hairi- 
ness, heavy and light brains, sensory acuity and psychological char- 
acteristics ! Our concern is with civilization and history. White 
man s historic career and his alone was steadily progressive, he and 
none but he has achieved a genuine civilization beside which the cul- 
tural vagaries of other races dwindle into insignificance. 

This sounds good and to a degree carries conviction — until ex- 
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amined in a disiiassionate mood. For is it so certain, after all. that 
our civilization, point l)y point, is superior to all others? 

In certain domains, yes. We know more — this is science. We 
have learned to apply knowledge to life — this is applied science. 
Also, we are able, at times, to control thought by knowledge — this is 
scientific theory and philosophy. In these domains, indubitably, we 
reign supreme. But can as much be said about our religion, ethics, 
art or socio-political organization? Xo sooner is this issue broached 
than it becomes at once apparent that no conclusion can be reached 
here without postulating some standards of reference. This, as a 
rule, is done unconsciously when our own standards are taken for 
granted and the achievements of other civilizations or races are en- 
visaged in the light of these standards. But then, they must be 
granted the right to proceed similarly, which, indeed, they often do 
with results entirely satisfactory to themselves. 

Is monotheism, for e.xample. superior to pantheism or to an uni- 
versal animism? It all depends. If conformity to a world view is 
accepted as the standard, then, from the angle of a pluralistic phi- 
losophy, animism may well appear as an ideal form of supernatural- 
ism. For does it not sj)iritualize and deify the particular? }i[onism. 
in comparison, would jiass as a product of a futile and vacuous ab- 
stractionism. Or take morality; if to be moral is to liz'c a code of 
behavior not merely to profess one. then most primitive folk as well 
as some of the less remote civilizations would easily outclass us in an 
estimate of moral stamina. As to art. a rattle from the X’^orthwest 
Coast of America or a Polynesian cluh are. within their range, as 
perfect examplars of art as a painting from the brush of Raphael, a 
statue of Rodin's or a Gothic cathedral. 

It is also useful to remember that modern civilization, in its most 
distinctive elements — that is. knowledge and its theoretical and practi- 
cal application — dates, as it were, of yesterday. In positive knowl- 
edge we are almost as suj)erior to the ancient Greeks and Romans as 
we are to the African negroes and the Australian bushmen. In the 
mechanical aspects of living — means of production, transportation, 
communication — there is more difference between the man of todav 
and one of the eighteenth century than there is betwen the latter and 
his forebears of the prairie and the forest. 

15 
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In a fortunate moment of history a set of striking inventions re- 
sulted in unique changes in knowledge and achievement and. while 
these changes were not by any means wholh' on the credit side of 
culture, they did in mere than one way constitute an unprecedental 
advance. 

But, to assume that such a forward push could not occur in any 
other race and culture than ours, would he siding with gratuitous as- 
sumption and prejudice rather than with probabilitv. 

As I am speaking. I am becoming painfullv aware that some of 
you are suspecting me of making a rather naive assumption, the as- 
sumption namely that the problem of racial equality revolves about 
fact, knowledge, critical thinking. Before closing, permit me to de- 
fend myself against this unmerited suspicion. I am only too pain- 
fully conscious that this is not the case, that the question of race is a 
province for garbled facts, special pleading, prejudice, conceit, jeal- 
ousy. and selfishness. To admit this is perhaps the first step toward 
a more rational and humane attitude. 

Remember Japan! A generation ago the Japanese stood no 
higher in the estimation of their white brethren than the Chinese 
stand today. Then came the Russo-Japanese War. The Russian 
eagle was forced to eat dust at the feet of its yellow conquerors. 
And out of the ashes of the war Japan arose a full-fledged member 
of the famil}’ of nations. If today we still discriminate against the 
Japanese — and, to our shame be it said, we do — it is no longer on the 
ground of racial inferiority. 

The lesson of this historic c])isode is well worth the learning. 
What happened once may happen again. To satisfv her imperial- 
istic ambitions, France is at this time engaged in providing militarv 
training for vast numbers of her .\frican subjects. These troops or 
tho,se that will follow in their wake may not always remain satisfied 
to lay their bones fui the battlefields of Eurojje in the interests of a 
foreign and selfish power. Some day they may become the nucleus 
of an .Vfrica for .\fricans, the vanguard in the struggle of the black 
world for racial emancipation. 

The fate that befell Russia at the hands of the vellow men of 
.Asia may befall others when they are confronted with the black 
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legions of Africa. Then we shall recognize them. Then we shall 
grant them the right to world citizenship. 

But must they wait so long? Must we? Remember there is a 
price to pay for the delay. 

Might it not be wiser as well as safer to proceed more expe- 
ditiouslv ? 


X'ew School for Soci.xl Research. 
Xew York City. X. Y, 



INHERITANCE BY TETRAD SIBS IN SPHJIKOCARPOS. 


By CHARLES E. ALLEX. 

[Riud April Jp. iijJ ! ) 

In Spill! rocarpos DonncUii All^t., as in some other members of 
the same genus, the four spores formed by the division of a single 
spore mother cell are (certain strains excejtted) regularly held to- 
gether at maturity. If the spores of such a tetrad germinate, four 
haploid plants ( gametophy tes ) . and ultimately four clones, are pro- 
duced whose genotypic constitutions result from the distribution of 
chromosomes in the course of the reduction divisions that formed the 
spore nuclei. Splurrocarpos thus otters a special opitortunity for 
observing what is virtually the inimediate result of the segregation of 
chromosomes in the reduction divisions. 

To realize the advantage here presented, it is necessary to secure 
germination of a large proportion of the spores sown, and to grow 
the resultant clones to a size sufficient for the satisfactory determina- 
tion of their character^. The genetic work thus far done with 
Sphirrocarpos has encountered serious ditficulties in the germination 
of spores and the growing of sporelings. Two sets of germinations, 
as reported in a previous paper (Allen, ipip). were sufficiently suc- 
cessful to give some information as to the inheritance of sex and of 
characters closely associated with sex. But in the study of the in- 
heritance of other characters, the most extensive results, rejrorts on 
some of which are now in press, have until very recently been oli- 
tained by sowing the sjjores or spore tetrads broadcast upon soil, and 
bv later isolating the sporelings. By this method it may l)e learned 
what genotypes occur, and in a{)proximately what proportions, among 
the offspring of a given mating — results comparable with those ob- 
tained in the genetic .study of other organisms — lint not what is the 
distribution of the diff'erent genotypes within a single tetrad. 

During the last two years, however, the use of improved methods 
has resulted in a larger ])roportion of germination on the part of the 
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spores of isolated tetrads. While the results that can be reported at 
present are still comparatively meager, and while some statements as 
to the character of individual plants must still, as will appear, be 
made in tentative form, yet the facts at hand are sufficient to indicate 
the possibdities inherent in this method of analysis of inheritance. 
The sowings of spore tetrads whose results are here recorded were 
made in the autumn of 19^2; the sporelings were separated during 
the earlv months of io-3 and transplanted to individual pots, where 
thev developed into clones. 

In these studies I have had the valued assistance of Wr. James A. 
Lounsburv, and the work has been carried on with the aid of an ap- 
propriation from the research fnnd of the University of \\'isconsin. 

POLYCL.VDY AND Se.X. 

Among the divergent races of SpJt‘(‘roi\irj''os Domicilii tvhose in- 
heritance has been studied is one to which the term " polycladous ” 
is applied. Polycladous plants of either se.x are characterized by 
profuse and irregular branching, by marked variation in the form 
of the lateral lobes of the thallus. and by the occurrence of dorsal 
lobes and cilia, .\ntheridia are fewer than on typical male plants, 
sometimes lacking altogether on many, or even on all. of the plants 
of a clone. The antheridial involucres are. with rare exceptions, re- 
duced in various ways, leaving the antheridia in consequence partly 
or entirely exposed. In vegetative structure, apart from their greater 
average size, polycladous female plants resemble the males. Only in 
very few instances have these female plants been observed to bear 
archegonia. and even when present archegonia have proved function- 
ally sterile. The rare archegonia are enclosed in involucres more or 
less closely approximating those of typical form ; elsewhere the poly- 
cladous females bear, in varying abundance, solid columnar up- 
growths which seem to correspond to involucres — containing, how- 
ever, no structures that suggest archegonia. 

If a tvpical female is mated with a polycladous male, the ,game- 
tophytic offspring (in the fi generation) consist of four classes: 
typical females, polycladous females, typical males, and polycladous 
males. The four classes occur, as previous studies have shown, in 
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at least approximately equal numbers. The sterility of polyclaclous 
females, of course, makes the reciprocal cross impossible. 

Table I. gives the results of the germination of spores of 29 spore 
tetrads borne by two sporophytes (14 and 15 tetrads respectively) 
produced by the mating of typical females with polycladous males. 
The distribution of characters within the two families was so similar 
that, for economy of sjiace, both are tabulated together. Only those 
clones are included in this classification, as well as in that of Table 
II., which grew to a large enough size to permit of a satisfactory 
determination of their character. 

TABLE I. 

TVPIC.U. FeM.^LE X POLYCL.CDOCS M.CLE. 

2 Crosses. 

- 20-537 X 21.14s 
21.85 X 20.266 

Xo. 




Female. 

Male. 

Tetrads. 

(a) 

2 

typical 


2 


ib) 

I 

typical, 2 

polycladous 

I 


ic) 

I 

typical, I 

polycladous 

I 


{d} 

r 

typical 


4 


(e) 


2 

polycladous 

4 

12 

if) 

I 

polycladous. 2 

typical 

I 


ig) 

I 

polycladous, i 

typical 

4 


ih, 

I 

polycladous 


5 


(9 


2 

typical 

2 


(j) 


1 

typical 

4 

16 






28 



Exception. 




(k) 

I 

typical, ] I 

typical, 1 




I 

polycladous, X i 

polycladous J 


I 


29 


The facts summarized in Taljle I. make possible the formulation 
of certain general rules. 

First, the facts harmonize with the expectation that, of the spores 
of a tetrad, two will carry the female, and two the male, potentiality. 
The results in this respect agree with those previously reported 
(Allen, 1919) . as well as wdth the observation that in spore-formation 
tw'O of the spores of a tetrad receive the X-chromosome character- 
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istic of females and two receive the Y-chi'omosome characteristic of 
males. 

Second, the results indicate that two of the spores of each tetrad 
carry the potentiality for the production of the typical ( non-poly- 
cladous), and two that for the production of the polycladous. char- 
acter. In terms of current genetic conceptions, this implies that the 
appearance or non-appearance of the polycladous character is deter- 
mined by the distriljution of physical bases borne by the chromosomes 
of a single pair. In the course of the reduction divisions, a chromo- 
some bearing the physical basis necessary to the appearance of poly- 
clady passes to two of the four spores of each tetrad ; the other two 
spores receive a different chromosome belonging to the same pair, 
and consequently the physical Ijasis corresponding to non-polyclady. 

Third, in all e.xcept the one instance noted as an “ e.xception." the 
results are in harmony with a supposition that the four spores of a 
tetrad give rise either to two typical females and two polycladous 
males (classes a-c. Tal.)le I.), or to two polycladous females and two 
typical males ( classes f-j ). each tetrad m either case being composed 
of two and only two types of spores. However, classes d, h. and j. 
in each of which a done was secured from only one spore of a tetrad, 
and classes c and g. in each of which one clone of each sex appeared, 
are not conclusive upon this point. Omitting these classes, it ap- 
pears that there were 7 tetrads (classes a. h, and c) composed of two 
typical and two polycladous male spores (or. more strictly, of spores 
bearing the physical bases for these respective characters ) ; and 3 
tetrads (classes / and i) composed of two polycladous female and 
two typical male spores. These numbers, though small, suggest that 
there is probably no linkage between polyclacly and sex — that is. that 
the physical bases determining the appearance or non-appearance of 
polyclady are borne on a pair of chromosomes other than the X-Y 
pair. This conclusion had Iteen previously reached on the basis of 
more extensive studies of plants resulting from the broadcast sow- 
ing of spore tetrads. 

Fourth, there was one clear case (class k. Table I.) in which the 
character-distribution was such that the four spores of the tetrad 
represented as many different genotypes, and therefore all the combi- 
nations possible when two pairs of characters ( in this case, female- 
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male and polycladous-typical ) are concerne<l. In daises c, d. g, h. 
and /. the pos^ibility of a similar distribution of factors is not ex- 
cluded. But. as already seen, it is reasonably certain in to cases 
that the spores of each tetrad fell into only two classes, as compared 
with one case in which the s])ores were certamlv of four tvpes. It 
seems safe, therefore, to conclude that, so far as the physical bases 
of the characters here studied are concerned, in the majoritv (and 
probably the large majority) of cases the reduction divisions proceed 
in such a manner as to result in the production of two and onlv two 
differently constituted types of spore nuclei ; but that in some i prob- 
ably few j cases, these divisions bring about the formation of four 
qualitatively different spore nuclei. The bearing of this conclusion 
upon the problem of the method of segregation of the chromosomes 
in the course of the reduction divisions will be considered after the 
distribution of a second pair of characters has been described. 

Tufteuxess axd Sex. 

Another character distinguishing certain strains is designated as 
“tufted." Tufted strains, both male and female, are characterized 
especially by aberrancies of varied nature and degree in involucral 
form. Some branches of a tufted clone bear extremely atypical in- 
volucres ; other branches of the same clone display a mixture of 
typically and atypically formed involucres ; while still other branches 
depart in no noticeable way from a strictly typical appearance. There 
is strong reason for thinking that different tufted clones differ in the 
magnitude of their inherent tendency to produce aberrant involucres ; 
although, in view of the variations from typical to extremely aberrant 
forms within a single clone, it is difficult to determine to what extent 
differences of this nature between clones are genotypic and how far 
merely phenotypic. 

Matings of tufted females by typical males, as previous work has 
shown, result in fj offspring of four classes: typical females, tufted 
females, typical males, and tufted males. The reciprocal cross 
(Table II.) gives the same four classes among the f^ gametophytes. 
The tufted offspring of such crosses show marked differences in de- 
gree of tuftedness, ranging from clones of the total number of whose 
branches produced during a period of two or three years only a frac- 
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tioii of one per cent, were tufted, to clones which produced during a 
similar period over ninety per cent, of tufted branches. Evidently, 
a clone in which the tendency to the production of the aberrancies 
characteristic of tufted races is present hut, for whatever reason, 
weak, nia\’ develop for some time without producing a branch that 
would he classed as tufted. Such a clone, especially if examined 
while still small, may. although genotypically tufted, be classed as 
typical. There is always the likelihood, therefore, in classifying the 
offspring of a cross of tufted X typical (or typical X tufted), of an 
error favoring the typical classes. An error in the opposite direc- 
tion is. as experience has shown, very unlikely. 

In Table II. are given the results of the germination of the spores 
of 47 tetrads, borne by two sporophytes (ig and 33 tetrads respec- 
tively) resulting from crosses between typical females and tufted 
males. 

TABLE II. 

Typic.cl Fem.cle X Tufted M.cle. 

2 Crosses. 

21.14 X 20.384 
21.215 X 21.16 

No. 



Female 

Male. 

Tetrads. 


2 typical, 

2 tufted 

2 

(b) 

2 t> pical. 

I tufted 

3 

U) 

2 typical 


4 

i.d) 

I typical, 

I tufted 

2 

(e) 

I typical 


5 

Lf) 


I tufted 

I 17 

(g) 

2 tuftecl, 

2 typical 

3 


2 tuftecl. 

I typical 

I 

(i) 

2 tufted 



(./■) 

I tufted. 

2 typical 

I 

(k) 

I tufted. 

I typical 

2 14 




31 


Apparent Exceptions. 


(1) 

2 typical. 

2 typical 

4 

(m) 

2 typical. 

I typical 

3 

(») 

I tvpical, I 




I tufted, J 

I typical 

4 

( 0 ) 

I tvpical, d 




I tufted J 


5 16 


47 
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All the results shown in Table II.. like those of Table I., agree 
with the expectation of two female and two male clones from each 
spore tetrad. In 9 cases (classes a. g. and /). all four sjiores of the 
tetrad germinated. 

In these families, however, three tetrads (not listed in the table) 
gave results inconsistent on their face with the expectation as to sex. 
One tetrad produced one typical female plant, and three males of 
which one was classed as typical, one as tufted, and the third died 
before its character could be determined. At the time the sporelings 
from this tetrad were separated, it was noted that two of those which 
afterward proved to be male (the typical and the uncertain one) were 
possibly parts of the same plant. When the plants of a tetrad grow 
close together, uncertainties of this nature occasionally arise, though 
the greatest care is exercised in separating them. In a second case, 
three female clones developed from spores of a tetrad. The fact 
that all three proved to he tufted, contrary to the general rule that 
not more than two plants of a tetrad are tufted, suggests that here 
also one sporeling may have been divided when the plants were 
separated and transplanted. In the third instance, four sporelings 
were obtained, one of which died when very small ; the other three 
developed into typical female clones. But in this case, the four 
sporelings as thev first appeared were in two distinct groups of two 
each, suggesting that two spore tetrads may by accident have been 
placed in the same jiot. Thus none of the cases furnishes a certain 
exception to the general rule as to the distribution of sex characters — 
although, as pointed out in my ])revious paper, it would not be sur- 
prising if such an exception were to occur now and then in conse- 
quence of non-disjunction or other irregularity in chromosome-distri- 
bution. 

The results from 31 tetrads (classes (i-k. Table If.) fit a supposi- 
tion that two spores of each tetrad should carry the tufted, and two 
the typical ( non-tufted). potentiality. That this actually occurred is 
demonstrated in 5 cases (classes a and g) and very probable in 16 
others ( classes b, c, h. i, and j) ; classes d. c. f, and k furnish no evi- 
dence on this point. Among the cases listed as “ apparent excep- 
tions.” those in classes I and in seem not to agree with such an ex- 
pectation. These cases will be discussed in a later paragraph. 
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Classes a~k are also in harmony with a supposition that the two 
female clones derived from any tetrad will possess one vegetative 
character of the contrasted pair, the two male clones from the same 
tetrad possessing the opposite character. In 9 cases 1 classes a-c) it 
is highly probable ( certain in class a ) that the distribution was two 
typical females, two tufted males; in 12 cases (classes g-j). the 
distribution seems to have been two tufted females, two typical males. 
There appears, from the near-equality of these two categories, to be 
no linkage between se.x and tnftedness. This conclusion is supported 
by the results of previous work on clones derived from spores and 
spore tetrads sown broadcast. 

The “apparently exceptional” cases (classes I-o. Table II.) re- 
main to be considered. In connection with these, it is to be recalled 
that a clone genotypically tufted may develop for some time without 
producing tufted branches. Thus, as previous experience has abun- 
dantly demonstrated, it is possible to err by classing as typical a 
clone that is genotypically tufted, whereas, at least under conditions 
reasonably favorable to the development of the plants, the possibility 
of the opposite error seems to be virtually e.xcluded. It is evident 
that, were certain plants now listed as typical in classes l-o to be 
transferred to the " tufted " category, all the tetrads now placed in 
these classes would fit the expectation, based upon classes a-k, that 
of each tetrad the two female clones will fall in one category ( typical 
or tufted) and the two male clones in the opposite categorv. As 
most of the clones here listed are still living, it is possible that further 
observations may show some of the apparently exceptional cases to 
agree with the rules as to the distribution of characters which seem 
to hold in classes a-k. 

It is true that classes I and iii could also be e.xplained on the hy- 
pothesis that the differences between tuftedness and non-tuftedness 
are conditioned by two or more factor differences, and that the fac- 
tors concerned are. or may be, distributed independently in the course 
of the reduction divisions. But until further observations have re- 
duced the chance* of error in these particular cases, the development 
of this hypothesis is unnecessarv. 

On the face of the results, the tetrads in classes n and o mav be 
interpreted as representing the same tyi)e of distribution that was 
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found in one instance among the ottspring of a typical-polycladous 
mating — the appearance, namely, of four types of spores in a single 
tetrad. In the present ca.se, a distribution of this sort would produce 
one typical female, one tufted female, one tv[)ical male, and one 
tufted male. While it is quite possible that some of the tetrads of 
classes 11 and o actually represent this tvpe of distribution, the pos- 
sibility of error mentioned makes such a conclusion at present un- 
safe. On the other hand, it is clear that, in the majority of cases in 
these families, each tetrad was composed of two and only two types 
of spores. 


The ^Method of Ciiromosome-Segregatiox. 

A central problem of genetic research concerns the method by 
which, in the course of the reduction divisions, the substance of the 
chromosomes is distributed between the four resultant nuclei. That 
such a segregation occurs as to bring about in the respective daughter 
nuclei genetically ditterent groupings, certainly of the chromosomes 
themselves, and possibly of parts of chromosomes, is demonstrated 
cytologically and experimentally. But many open questions remain 
regarding the precise manner in which this segregation is et?ected. 

One question iqton which agreement is not complete concerns 
which of the two reduction divisions actually brings about the separa- 
tion of the temporarily paired chromosomes of different ancestral 
origins. Mrtually all the cytological study of plants and the major- 
ity of such work on animals indicate that the qualitative segregation 
of chromosomes is brought about in the first of the two reduction di- 
visions ( the heterotypic division ), the second ( hommotypic) division 
then being apparently ecjuational. ( )n the other hand, in some ani- 
mals. especially in a number of I lemiptera, it appears that the hetero- 
typic division is equational, a qualitative segregation occurring in the 
homceotypic division. The evidence supplied by the experimental 
studv of inheritance seems to show that, whichever is the “ reduc- 
ing " or segregative division, the separation of the chromosomes of 
one pair is independent of that of the chromosomes of any other 
pair — the chromosomal constitution of the daughter nuclei formed by 
this division thus lieing mathematically predictable. 
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The consequences of a segreg^ation in either the heterotypic or the 
homreotypic division may thus be calculated in terms of the genetic 
constitution of the four spores (or gametes) formed from any mother 
cell. If. as in the cases considered in the present paper, the diploid 
generation possesses, borne on two different pairs of chromosomes, 
the physical bases for two alternative pairs of characters, the chromo- 
some pairs concerned may be designated as A and A', B and B'. If 
segregation of the chromosome pairs A A' and B B' occurs in the 
heterotypic division, in any particular case the daughter nuclei will 
receive either A B and A' B'. or A' B and A B'. The homceotypic 
division will form from each of these chromosome combinations two 
similar combination: the four resultant spore (or gamete) nuclei of 
a tetrad will then contain respectively either the chromosome groups 
A B, A B, A' B', and A' B' ; or A' B, A' B. A B'. and A B'. Any 
tetrad thus will consist of but two genetically dift'erent types of 
spores ; but there will be two kinds of tetrads and, all told, four types 
of spores, the two kinds of tetrads and the four types of spores each 
occurring in approximately equal numbers. Applying this calcula- 
tion to the distribution of characters involved in Table I., half of the 
tetrads would give rise each to two typical females and two poly- 
cladous males, and half would produce each two polycladous females 
and two typical males. 

If chromosome-segregation occurs in the homceotypic division, 
then, using the same notation, each of the daughter nuclei formed by 
the (equational) heterotypic division would receive each of the four 
chromosomes A, A', B, and B', The homceotypic division would 
produce, from each of these, two daughter nuclei having respectively 
AB and A'B', or A'B and AB'. If the homa'otypic division should 
go on in the same fashion in the two sister nuclei formed by the first 
division, the tetrad would consist of two types of spores; two spore 
nuclei would contain AB and two A'B', or two would contain A'B 
and two AB'. If, however, the division of the two sister nuclei is 
effected differently, four spores of as many dift'erent types would 
constitute the tetrad; their nuclei containing respectively AB, A'B', 
A'B, and AB'. Assuming that the segregation of chromosomes in 
the hommotvpic division of two sister nuclei occurs independently, 
then, in a sufficiently large number of tetrads, the following chromo- 
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some-distribution would appear: one fourth of the tetrads would 
consist of two kinds of spores whose nuclei contain respectively AB 
and A'B' ; another fourth, of two types of spores with the chromo- 
some groups A'B and AB'; and each of the remaining half of the 
tetrads would consist of four types of spores characterized respec- 
tively by the combinations AB, A'B', A'B, and AB'. Applying these 
formuke to the characters whose actual distribution is illustrated by 
Table I'., the expectation would be that one-fourth of the tetrads 
would produce each two typical females and two polycladous males ; 
one fourth would produce each two polycladous females and two 
typical males ; and one half would produce each one typical female, 
one polycladous female, one typical male, and one polycladous male. 

The results reported in the present ].iaper obviously do not agree 
with either of the calculated results just outlined. The three sorts 
of tetrads, to be sure, occur that would be expected from the second 
hypothesis ; but, instead of tetrads composed of four spores constitut- 
ing half the total number, tetrads of this sort are evidently excep- 
tional. The rarity of such tetrads might indeed be explained by as- 
suming segregation in the homa-otypic division with the additional 
provision of a tendency for the segregation of the chromosomes to 
occur in the same way in two sister nuclei. For the latter assump- 
tion, however, there is no present observational basis ; and the notion 
of segregation occurring only in the homceotypic division is negatived 
by all that is known of the reduction divisions in plants. Probably 
the present observations can be best harmonized with other known 
facts by supposing that in general (in Splim-ocarpos) the heterotypic 
division effects the segregation of chromosomes ; but that the ad- 
ditional possibility exists of a segregation at some times or to some 
extent of chromo.somes or parts of chromosomes in the course of the 
homreotypic division. 

The only previous attempts, so far as I know, to determine the 
time of segregation from the genetic constitution of the spores formed 
by the reduction division are by Kniep ( 19^2) and W'ettstein (1923). 
The former author has isolated the groups of four spores borne by 
single ba.^idia of .lIciiKodisciis pol\\:ioiiiiis. Four genetically dif- 
ferent t\pes of spores, as judged from the behavior in conjunction 
of mycelia derived from them, were produced in the same fruit 
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body, but ill no case were more than two types of spores (two 
of each type ' borne bv one basidiiun. Kniep concludes that 
the spores differ with respect to two pairs of alternative factors : 
and that the production of but two types by any one basidium 
demonstrates that chromosome-segregation occurs in the heterotypic 
division. W’ettstein. by treatment of the developing capsules of 
hybrid sporophytes of Funaria liygrouictrica. induced the spores of 
a tetrad to remain together, instead of separating, as they ordinarily 
do. at or before maturity. He found that each of 35 tetrads was 
composed of but two genetically diiterent types of spores, and came 
to the same conclusion as did Kniep regarding the time of chromo- 
some-segregation. Alciircdiscits and Funaria, therefore, do not. so 
far as present knowledge goes, illustrate the possibility demonstrated 
in Spliirrocarpos of a segregation in both reduction divisions. 

Observations and hypotheses advanced by previous writers sug- 
gest at least two ways in which segregation may conceivably be ef- 
fected in both the heterotypic and the hoinceotypic division. One 
possibility is indicated by the ca^es in insects reported by AVilson 
(191J). Aliss Carothers (1913). AIcClung (1914). and AA' enrich 
(1916). in which the segregation of certain chromosome pairs seems 
to occur in the heterotypic division and that of certain other pairs to 
occur in the hoinceotypic division. Even should such a difference in 
the behavior of individual chromosomes be found general, however, 
it would not account for the proportions in which the diff'erent types 
of character-distribution seem to occur in Splufrocarpos. so long as 
each particular pair of chromosomes is always separated in one or the 
other division. AA’enrich's conclusion that a particular pair of 
chromosomes may be separated soinetiines in one division, sometimes 
in the other, might, on the other hand, account for any conceivable 
variation in the proportions of the types of different nuclei formed 
by the reduction divisions. 

Another possible explanation of the present results is to be found 
in Janssens’ (1909. 1919 a, b) theory of chiasmatypy. It is true 
that the major use of this theory by Alorgan and others has been in 
connection with genetic evidences of a crossing over which mav be 
conceived as occurring at a time when the paired chromosomes are 


234 


ALLEX— IXHERITAN'CE BY TETRAD SIBS 


not longitudinally split. But Janssens' own development of the 
theon' emphasized the possibility of a crossing over between the re- 
spective halves of the split chromosomes of a pair, in such a way as 
to make possi1)le a differential segregation of parts of chromosomes 
in both reduction divisions. The conception that chiasmatypy may 
bring about results of this nature is supported by the genetic evi- 
dence in such cases as one reported by Bridges t lyib). in which the 
genetic results are explainable by a crossing over in the " four- 
strand " stage. 

It would be useless at present to attempt to determine whether 
the distribution of characters among the tetrad sibs of Spli'i rocarpos 
best fits one or the other of these conceptions, or possibly some en- 
tirely different explanation, of the phenomena of the reduction di- 
visions. That in some way qualitative segregation can be brought 
about in both divisions seems a reasonable inference from the facts 
here presented. There is reason to hope that further observations 
inav materially extend the scope of the method of analysis here out- 
lined. 
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YELLOW FE\'ER AXD FISHES IX COLOHBIA.^ 


By C. H. EIGEXMAXX. 

Read April 2jth, 19^4. 

Dr. H. Hanson, of the Rockefeller Foundation, who two years 
ago fought yellow fever in Peru, has transferred his operations 
against yellow fever to Colombia. He has kindly sent me a series 
of the fishes he has found useful or is trying out. Comparing the 
species received from Colombia with those used by him in Peru and 
those used by Drs. Pareja and Connor in Ecuador, some general 
conclusions may be pointed out. 

The two essentials to make a fish useful for yellow fever work 
are: (i) The inclination to eat mosquito larvte. (2) The ability to 
exist in the containers in which yellow fever mosquitoes breed. 

Xo doubt scores of species fulfill these two requirements in dif- 
ferent parts of the fever-infested or potential fever region. Which 
ones are best in a given area will have to be worked out experiment- 
ally. This much seems clear. Other things equal, small species of 
fishes will be more suitable than large species, though the young of 
some large species may answer the purpose very well. 

Other things being the same, species living in ponds, or stagnant 
water, are more likely to be serviceable than those from swift water. 

Some species pick up their food by sight. Other things equal, 
they may be quite effective in removing moving mosquito larvte dur- 
ing daylight. 

Other species detect their food by its motion. Such species are 
usually provided with elaborate tactile organs either in the skin itself, 
like the blind-fishes, or in barbels like various catfishes. These may 
also be useful, frequently operating at night. 

It will probably be found that many of the fishes imported by 
aquarists will be suitable for mosquito work in the tropics. 

1 Contribution from the Zoblogicai Laboratory, Indiana University, Xo. 202. 

236 



EIGENMANX— YELLOW FEVER IX COLOMBIA. 237 

The most effective mosquito larvae eradicator in Peru is “ Life." 
Pygidium piitra. In Colombia, near Bucaramanga, a smaller species 
of the same genus is being used, Pygidiitin striatum. Every moun- 
tain brook in Colombia contains one or more species of Pygidium. if 
they are really all distinct. They sometimes are found under rocks 
in swiftly flowing water. I found one species in a little brook near 
Honda diving into the sand and small gravel at the bottom. When 
disturbed or routed out of one spot, they quickly darted into another. 
In the uplands they have a tendency to live in quieter water. They 
have barbels and the Peruvian P. piitnt operates at night. 

The “ Volador ’’ {Piabuci)ia panaincnsis) used in Colombia is a 
close relative of one of the most effective mosquito eradicators used 
in Lima, Peru, under the name of Lisa dc ague ditlce, in Ecuador as 
“ Huaijas and at Chiclayo. Peru, as “ Chalquoque." - The name 
“ Volador " suggests the reputation of “ Chalquoque ’’ which has a 
tendency to jump out of its containers. This habit no doubt con- 
tributed to its distribution. It has recently been taken in a line en- 
tirely across the Andes from Pacasmayo to Cajamarca and down to 
the Alarahon. and is the only species of fish with such an extravagant 
distribution. 

The “ ^ilero " is being used at Barranquilla. We became ac- 
quainted with its next door relative in the yellow fever work at 
Guayaquil under the name " Chalacos." The Pacific slope form is 
Donnitator latifrons. that in Barranquilla and along Atlantic slope 
fishes generally is Donnitator luaculatns. The Pacific slope form 
proved very eifective and there is every reason to believe that the 
Atlantic slope form will prove equally so," if it is found in sufficient 
abundance. 

The three species of fishes used most effectively in Peru and 
Ecuador have counterparts, close relatives systematically, which are 
doing the work in Colombia. 

Another species being used in Colombia is a " iMojarra.'’ The 
Mojarras are sunfish-like fishes. There are several genera and spe- 
cies. Dr. Hanson experimented with JEqiiidcns riridatus in Peru. 


- See Am. A'at., LVIL. pp. 440 and 447. for figures and distribution map. 
^ See Proc. Am. Philos. Soc.. LXl.. p. 204, 1922. 
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The species l)eing tried out in Colombia is Gcophatjiis stcindachncri. 
There are two, possibly three, species of Geophagus in Colombia, one 
in the Atrato-San Juan, the other in the iMagdalena basin up to 
Girardot. One species is found in Panama and other species are 
found east of the -\ndes. They are very active, nervous fishes, 
dodging in among and hugging the side^ of rocks. From their 
general habits, I should judge them effective sight hunters of larvte, 
but I fear they will prove too nervous for the work in small con- 
tainers, frequently disturbed. The young mav survive in the ham- 
pered environment of the containers. The males carrv the eggs and 
very young in their mouths. 

Two species of '' Catfishes ” with long whiskers are being used in 
Colombia, Piinelodella chagrensis and Rhamdia sebcs. These are 
fishes of the lowlands and quiet pools, living in general in a very 
different environment from Pygidium. They have flexible barbels, 
more than half as long as the entire fish, with which they can (theo- 
retically at least), explore any small container with the minimum of 
muscular effort. Another species of the genus Pimelodella {yuncen- 
sis) was tried by Dr. Hanson in Peru but was abandoned. 

Dr. Hanson has mentioned two other species, the “ Boca chica ” 
and a brackish water species near Cartagena. The “ Boca chica ” 
of the iMagdalena, Prochilodus magdalence, ascends the river in count- 
less millions during winter. They are dried and used by laborers as 
food. The adult is certainly not suitable for yellow fever work. 
The young may serve. Another species of the same genus was tried 
in Ecuador, Prochilodus huiiicralis, but abandoned. 

The brackish water species is possibly Mollioiisia sphenops. An- 
other species of the same genus, Mollienisia caucana is abundant in 
the swamps of the lower Magdalena basin. It is a minute fish that 
for a priori reasons should make an ideal species to do the work. 

Species of the Poeciliidte, to which Mollienisia belongs, and a 
family which contributes mosquito eradicators elsewhere, are widely 
distributed in Colombia. Along the coasts of the Guianas they are 
especially abundant both in species and numbers. 

Zoological Labor.\touv, 

UxiVEHSITY OF IxDIAXA. 



Proceedings Am. Philosoph. Soc. LXVIII. No. 3. 


Plate I 




Piabuciiia panaincnsis Gill. The "Volador’’ of yellow fever work in 

Colombia. 






THE BEHAMOR OF CEXOTHERA NEO-LAMARCKIANA IN 
SELFED LINE THROUGH SEVEN GENERATIONS. ^ 


BY BR-\DLEY MOORE DAVIS, 

University of Michigan. 

I reported in an earlier paper (Davis 19165) the segregation of a 
hybrid in the F3 generation from the cross CEnothera franciscana 
X CEnothera biennis with so many points of resemblance to CEnothera 
Lamarckiana that it seemed to me to be scarcely distinguishable 
from Lamarckiana as this collective species would be described in 
systematic botany. I have named this hybrid CEnothera neo- 
Lamarckiana and ha\’e carried it along in selfed line through seven 
generations. This paper will give (i) The behavior of neo-La- 
marckiana over this period of time, (2) The results of crosses to 
biennis designed to test its purity, and (3) The behavior, when 
selfed, of the more prominent derivatiA'es from neo-Lamarckiana. 

We shall note that the behavior of neo-Lamarckiana in throwing 
through successive generations certain characteristic types is similar 
to that of Lamarckiana when it produces with each generation its 
particular set of “mutants.” Morgan (1923, pp. 309, 310) sees 
little point in this parallelism of behavior because certain wild 
species of CEnothera studied by de \'ries. Stomps and Bartlett show 
behavior of the same kind as that of Lamarckiana. Morgan, 
however, apparently overlooks the evidence which indicates that 
these wild species like Lamarckiana are heterozygous and may not 
be taken as representatives of pure species (Davis 1922). They 
together with Lamarckiana are illustrations of impure species, of 
which the genus CEnothera seems almost wholly to be composed, 
impure species which chiefly breed true because for the most part 
only such gametes are developed and produce vigorous zygotes as 
reproduce thereby the heterozygous constitution of the parent 
stock. 

The parent species of neo-Lamarckiana were CEnothera fran- 

■■“Genetical Studies on CEnothera,” XII. Papers from the Department of 
Botany, University of Michigan, Xo. 204. 
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ciscana Bartlett from California (Bartlett 1914) and CEnothera 
biennis Linnaeus from Holland (Bartlett 1913), and these species 
have been fully described and figured as to their contrasting 
characters (Davis 1916c, pp. 206, 207). Their points of resemblance 
to Qinothem Lamarckiana in various particulars ha\'e also been 
shown (Davis 1916a, pp. 210-212). The F; generations of reciprocal 
crosses were compared in an earlier paper (Davis 1914, pp. 190, 191) 
and will not be discussed further. A set of inter and back crosses 
involving the Fi hybrids and the parent species has also been 
described (Davis 1917. pp. 170-178). 

It is a matter of interest that my selfed line of franciscana, 
which has now been carried through ten generations, when pollinated 
by biennis still continues to give the same type of Fi generation as 
was obtained in the first cross made in 1912 out of which came the 
vigorous plant neo-Lamarckiana (Davis 1914, pp. 189, 190). This 
cross in recent years has been repeated three times and always large 
proportions of the rosettes have been pale green and weak, with 
mortality so high that it is difficalt to bring even the strongest 
plants to maturity. 

This account will begin with a plant 14.53c in an Fj generation. 
The culture 14.53 one of five parallel Fo generations from five 
sister plants of the Fi culture 13.35, /raKcwcaiza ^ X biennis (Davis 
1914, pp. 190, 191). The five sister Fi plants (i3.35ac, I 3 - 35 &. 
I3-35C, I3.35g and i3-35n) differed from one another as has been 
noted (Davis 1916a, p. 229) and gave F2 generations with various 
peculiarities (Davis 1916a, pp. 228-242). The plant 14.53c was 
selected as most likely to give in succeeding generations some 
Laniarckiana-\ike offspring. 

The F2 Generation. 

The F2 generation, culture 14.53 from the Fi plant 13.35c, was 
from a sowing in earth of 454 seeds from 5 capsules; 387 seedlings 
appeared from which 376 rosettes developed, and 363 plants reached 
maturity. The culture as rosettes separated into two groups, 108 
plants with obtuse pointed leaves and 268 plants with acute pointed 
leaves. From the rosettes with obtuse pointed leaves came broad- 
leaved plants with small flowers of the biennis type in having stigmas 
below the anther tips; a single hero plant appeared from this group 
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and also an obtused-leaved dwarf. The rosettes with acute pointed 
leaves developed plants agreeing in having foliage of narrow pointed 
leaves, but exhibiting a range of flower structure from that close 
to biennis to that of the franciscana type; lo dwarfs characterized 
by sickle-shaped rosette leaves were in this group. 

There were several plants in the group with acute pointed 
leaves which presented in different respects and in varying degrees 
characters of CEnotliera Lamarckiana. The best of these La- 
marckiana-\i\i& plants, 14.531:, was selected to carry forward a 
selfed line and its characters contrasted with those of races of 


Lamarckiana with which I am fa 

Lamarckiana. 

Seedlings. Cotyledons broad at base 
and almost sessile. 

Mature rosettes. 4-5 dm. broad. 
Leaves broadly elliptical or spatu- 
late with sinuate margins, irregu- 
larly toothed below, strongly 
crinkled. Midveins white, in 

some races reddish. 

Mature plant. Central stem about 15 
dm. high. Long side shoots from 
the rosette, and side branches 
about midwa>’ up the central 
stem. L’pper foliage of ovate- 
lanceolate leaves, short petioled, 
crinkled. Midveins white, in 

some races reddish. Stems red 
papillate. 

Inflorescence. Compact and fiat 

topped. Bracts sessile, broad at 
base, early in the season equaling 
the length of the buds, later much 
shorter. 

Buds. In large-flowered races about 
8 cm. long. Cone stout, 4-angled. 
Sepals green, in some races 
streaked with red. Sepal tips 
attenuate, 6-S mm. long. Pubes- 
cence on sepals pilose and puberu- 
lent consisting of long hairs arising 
from papilla; among numerous 
short sessile hairs. Ovaries with 
red papillce. 


are given below. 

Plant id.ssc. 

Seedlings. Cotyledons similar to those 
of Lamarckiana. 

Mature rosettes. 4 dm. broad. Leaves 
as in Lamarckiana. Midveins 
white. 


Mature plant. Central stem 9 dm. 
high. 6 side shoots from the 
rosette, 5-S dm. long, side branches 
from central stem fewer and 
shorter. Upper foliage of leaves 
not so strongly ovate at base, 
otherwise as in Lamarckiana. 
Midveins white. Stems red papil- 
late. 

Inflorescence. Bracts earh- in season 
2/3 the length of the buds. Other- 
wise as in Lamarckiana. 


Buds. 7.5 cm. long, cone somewhat 
less stout and less strongly 4- 
angled. Sepals green. Sepal tips 
attenuate, 5-6 mm. long. Pubes- 
cence as in Lamarckiana but more 
dense. Ovaries with red papill®. 
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Pe(als. 4-4.5 cm. long, in some races 
as small as 3 cm. 

Stigma lobes. Usually 4, sometimes 
5 or 6. Style extending 5—7 mm. 
above the tips of the anthers. 

Capsules. In some races stout and 
about 2 cm. long, in others more 
attenuate and about 3 cm. long. 


Petals. 3.3 cm. long. 

Stigma lobes. 4, rarely more. Style 
extending 2-3 mm. above the tips 
of the anthers. 

Capsules, .\bout 2 cm. long. 


From this comparison of hybrid I4.53<: tvith Lamarckiana it will 
be noted that the differences between the two plants were plus and 
minus degrees in the expression of similar characters. The most 
important points of resemblance were those of rosette, foliage, 
compact inflorescence, flower size, stigmas projecting beyond the 
tips of the anthers, capsule form and size (Fig. i), pubescence in 



Fig. I. Capsules of plant 14.53c, Lamurckiana-Viku hybrid in the franciscana 
X biennis, compared with the capsules of Lamarckiana. 

general, and red papilUe over the stems and ovaries. The important 
differences of the hybrid were the more sprawling habit of growth 
of the mature plant, its bud cones less stout, and its shorter sepal 
tips with their heavier pubescence. There were few plants in this 
F2 generation Lamarckiatia-Wke-, in fact only 3 were considered 
worthy of attention. 
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The evidence of segregation was clear throughout this F2 
generation as shown in the great range of flower size and structure, 
with the extremes approaching the biennis and franciscana types, 
and in the varied foliage. All of the plants had the red -papillate 
stems oi franciscana; no green stems as in biennis were represented in 
this culture which, however, being earth sown, probably did not 
exhibit the full extent of segregation possible from the Fi. A 
culture from the sister Fi plant, I3.35ar, from seeds germinated in 
Petri dishes (culture 15.51) gave a small group of green-stemmed 
segregates (Davis 1916a, pp. 229-230). We shall see that the class 
of dwarfs, represented by 10 plants, appears constantly in succeeding 
generations, and from time to time also the hero type. Later there 
became more sharply differentiated the large class of plants fran- 
ff 5 ca?za-like in habit, foliage and bud structure. 

The Fs Gexer.\tiox. 

The Fs generation, culture 15.53 from the Fo plant 14.53c, was 
grown from. 625 earth sown seeds, the contents of 4 capsules. The 
seed pans, kept for weeks, yielded 291 seedlings, a germination 
of only 46.6 per cent. That this was a low percentage and a poor 
germination was prot'ed later by germinating in a Petri dish a set 



Fig. 2 . Mature rosette of the F 3 plant i5.5o<i. neo-Lamarckiana. 
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of 644 seeds which gave 574 seedlings, a germination of 89.1 per cent. 
The rosettes, as in the Fo generation, were readily separated into 
two groups, 91 plants with obtuse-pointed leaves and 197 plants 
with acute-pointed leaves; there were 3 dwarfs. In the group 
with acute pointed leaves 7 plants developed Lainarckiana-lika 
rosettes and became at maturity Lamarckiana-Yike in other respects; 
From these a plant, 15.53a, was selected to be parent of the next 
generation and its characters are here considered and illustrated 
in Figs. 2, 3 and 4. With this generation I first began to use for 
such types the name neo-Lamarckiana. 

Plant ij.jja, neo-Lamarckiana. 

Mature rosette. As shown in Fig. 2 the mature rosette had all of 
the characteristics of Lamarckiana. 

Mature plant. Central stem well developed, at maturity 13 dm. 
high. The habit of the plant (Fig. 3) and its foliage were quite 
the same as those of Lamarckiana. Stems red papillate. 





Fig. 3. Mature F3 plant 15.53a, neo-Lamarckiana. 
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Inflorescence. Compact and flat topped (Fig. 4) as in Lamarckiana. 
Bracts similar to those of Lamarckiana. 



Fig. 4. Inflorescence of F3 plant 15.53a, neo-Lamarckiana. 

Buds. 8 cm. long. Cone (F ig. 4) more slender than in Lamarcki- 
ana, 4-angled. Sepals with faint reddish streaks. Sepal tips 
with heavier pubescence than in Lamarckiana bat of similar 
character. Ovaries red papillate. 

Petals. 3.7 cm. long. 

Stigma lobes. Style extending 3 mm. above the tips of the anthers. 
Capsules. About 2.4 cm. long. 

As compared with plant 14.53c of the F2 generation plant 15.53a 
was closer to Lamarckiana in presenting a much better habit of 
growth with a tall central stem and properly arranged side shoots 
(Fig. 3), in better foliage now beyond criticism and in larger petals. 
The bud cones of the hybrid (Fig. 4) were, however, less stout and 
the shorter sepal tips had a heavier pubescence. 


246 


DAVIS— O-IXOTHERA XEO-LAMARCKIAXA 


Segregation was expressed in the F3 generation in much the same 
manner as in the Fj, showing itself most conspicuously in the size of 
petals, length of style, and form of leaves. The rosettes with obtuse 
pointed leaves generally developed plants with foliage and flowers 
more ifewnfs-like although there was a wide range of variation and 9 
plants were clearly more franciscana-\\\ie as to these characters; 
in all of the plants of this group the bud tips were thick and showed 
the heavier pubescence peculiar to fra?iciscana and capsules were 
franciscana-Vike as to their length, about 3 cm. The rosettes with 
acute pointed leaves, except for the 7 plants of neo-Lamarckiana, 
gave/raHcfscaHU-like plants as to their bud tips, foliage and capsules; 
variation here expressed itself in flower size and style length, and 
52 plants in this group were more bienuis-Vike in these particulars. 
Thus the promise held out by a rosette as indicating a plant more 
biennis-like or more fra)tciscana-\ikQ was not realized in all char- 
acters of the adult plant. The mass of the culture agreed in having 
the red-papillate stems, bud tips, and capsule length peculiar to 
franciscana. Green-stemmed segregates were lacking but the 
germination of seeds was veiy far from complete and some types of 
segregation may well have been absent. The 3 dwarfs, similar to 
those present in the Fo generation, constituted a numerically small 
group probably because of the unsatisfactory germination of the 
earth-sown seeds. Xo hero types appeared. The 7 taniarckiana- 
like plants stood in a group apart and were recognized and separated 
as rosettes from the mass of the culture. 

The F4 GEXER-txiox, and the First Gener.\tiox from 
Xeo-La n:a rckia na . 

This was the first generation of neo-Lamarekiana grown from 
seeds forced to complete germination, and is of particular interest for 
the range of segregation displayed and for the numerical proportions 
of some of the classes. The culture, 16.41, came from selfed seeds 
of the F3 plant 15.53a, the first representative of Qinothera neo- 
Lamarckiana (Figs. 2-4). 

The contents of 3 capsules, 764 seeds, after soaking for 40 hours, 
were subjected, while still in water, to pressure of about too pounds 
in an iron case for 36 hours. The seeds were then spread on wet 
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pads of filter paper in Petri dishes and left at room temperature. 
Germination began at once and tvas mostly completed after lo days. 
The seedlings with their empty seed coats were removed from the 
Petri dishes as germination proceeded and the seedlings set out in 
pans. The remaining ungerminated seeds, after 30 days in the 
Petri dishes, were tested for contents by pinching with strong 
forceps and found to be empty. From this culture of 764 seeds 
there came 668 seedlings, a germination of 87.4 per cent. This is 
interesting in contrast to the record of the earth-sown seeds of the 
F3 generation which gave a germination of only 46.6 per cent. 

A very large number of the seedlings after sprouting were unable 
to throw off their seed coats and it was necessar\' to remove the 
coats by teasing and pressure. This operation was responsible for 
an early mortality of many seedlings which together with the death 
of 6 seedlings with etiolated leaves and a number of feeble dwarf 
rosettes with narrow leaves reduced the culture to a total of 549 
plants when set out in the garden. 

As the rosettes of this culture developed it was apparent that a 
very much larger number gave some promise of becoming La- 
marckiana-\\\ie than in the cultures of the and F3 generations, 
and a group of 194 rosettes were thus segregated before the plants 
were set out. Of this group 36 rosettes developed into large plants 
of the neo-Lamarckiana type with central stems 10-13 dm. high, 
65 plants less vigorous presented stems ranging from 3-9 dm. high, 
or failing to develop central stems put out Lamarck iaiia-Vike side 
shoots from the rosettes, 48 plants remained as Lamarckiana-VikQ 
rosettes, 29 rosettes became dwarfs generally with narrow sickle- 
shaped leaves and of these none developed flowering shoots; 16 
rosettes died. Thus of the 194 plants in the entire group which 
started out with indications of Lamarckiana-Vik^ characters only 36 
came out as thoroughly good representatives of neo-Laniarckiana. 
The neo-Lamarckiana plant selected to be parent of the F5 generation 
was 16.41, XIX-4. Its characters were those described for plant 
15 - 53 ® of the F3 generation and illustrated in Figs. 2, 3 and 4. 

An assemblage of 355 rosettes with narrow leaves was left after 
the selection of the 194 rosettes with Lamarckiana-Wke. characters. 
This group produced the following varied assortment of types; 
32 weak dwarf rosettes with narrow sickle-shaped leaves only 3 of 
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which Ihed to send up short shoots, 17 narrow-leaved dwarf 
rosettes which failed to reach maturity and probably were in the 
same group as the first although they had symmetrical leaves, 306 
franciscana-\\ke. rosettes of which 289 lived to develop plants which 
will be designated the fra nciscana type, distinguished as follows; 

The franciscana type. 

Mature rosettes. Narrow leaves similar to those oi franciscana. 
Mahire plants. Habit as in franciscana and with the same type of 
narrow leaves. Frequently plants are larger leaved and more 
robust. Stems red papillate. 

Inflorescence. As in franciscana. 

Buds. About 7 cm. long but variable. Sepals streaked with red 
and heavily pilose and puberulent as in franciscana. Sepal tips 
thick, blunt pointed as in franciscana and with similar heavy 
pubescence. 

Flozcers. Generally large as in franciscana, but variable in size. 
Stigma. Generally about 3 mm. above the anther tips, but some- 
times at their level or below. 

Capsules. About 2.8 cm. long as in franciscana. Large yield 
of seed. 

Pollen. Almost wholly perfect. 

Many plants of this type were so close to franciscana that they 
would fall well within a description of the species. Others depart 
from the type as noted above in their more robust habit and some- 
what larger leaves, variable flower size and position of the stigma. 
Characteristic and important points of resemblance are the similar 
bud tips and similar bud pubescence. This franciscana type was 
represented also in the Fo and F3 generations by large numbers of 
plants and in later generations it stands out as a well-differentiated 
segregate. 

The dwarfs with narrow, frequently sickle-shaped leaves were 
always numerous in generations grown from seeds forced to com- 
plete germination. They were represented in later generations by 
many mature plants and will be referred to as the franciscana 
dwarf type with the following characters; 
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The franciscana dwarf type. 

Mature rosettes. Dwarf, 10-15 broad. Leaves generally 

narrow and frequently crinkled and sickle shaped (Fig. 5). 



Fig. 5. Mature rosette, I4.5i<f, representative of the franciscana dwarf type. 
Leaves narrow and frequently sickle shaped. 

Mature plants. 2-3 dm. high, few sprawling branches, leaves 
narrow and acute pointed. 

Inflorescence. Few flowers in a loose spike. 

Buds. Short blunt sepal tips with franciscana pubescence. 

Flowers. Small, petals 8-15 mm long. 

Stigma. Generally at level of or below the anther tips. 

Capsules. Small, with low yield of seed. 

Pollen. Almost wholly perfect. 

Seedlings and dwarf rosettes with narrow etiolated leaves hat e 
always appeared in cultures of neo-Lamarckiana from seeds forced 
to complete germination. Because the type resembles albida from 
Lamarckiana it has been called albida-like. 

Albida-like. 

Seedlings with etiolated cotyledons which develop dwarf rosettes 
with narrow etiolated leaves. They are weak plants which generally 
die early as seedlings or as young rosettes. I ha^•e never been able 
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to bring these plants to maturity' even with particular care and 
under the protection of the hot house. 

A m.atter of interest in this history of the line of neo-Lamarckiana 
is the disappearance in this generation of the class of plants with 
obtuse pointed leaves, both rosette and foliage, which was con- 
spicuous in the F2 and F3 generations. Evidently the geneti^al 
make-up of plant 15.53a from the F3 generation was different from 
that of the plants 14.53c and 13.35c which preceded it in the line, 
and a new genotype was selected at this time. This was the 
genotype of neo-La>narckiana which has continued with apparently 
few if any modifications through the later generations. 

The composition of the F4 generation presented the following 
distribution of plants: 

36 plants of neo-Lamarckiana, 5.4 per cent. 

65 plants less vigorous, Lamarckiana-Wkt in foliage but with 
bud tips more Yike franciscana. 

48 plants remained as Lamarckiana-Y\ke rosettes. 

6 etiolated seedlings and rosettes, albida-Yike: These died 
early. 

289 plants of the franciscana type, 43.3 per cent. 

78 plants of the franciscana d'U'arf type. 

146 plants died before their characters could be determined, 
1 13 as seedlings or y oung rosettes and 33 after the culture 
was set in the ground. 

668 Total of germinations, 87.4 per cent. 

In summary of the F4 generation it should be pointed out that 
segregation was displayed on a much larger scale than is indicated 
in this short account. It is clear that the large group of 194 rosettes, 
selected when half grown as Laniarckiana-Yike, w as a heterogeneous 
assemblage, since only 36 at maturity were neo-Lamarckiana; of 
the others 29 became dwarfs, a large number approached neo- 
Lamarckiana but failed to qualify as to flower structure, 48 re- 
mained as rosettes, and 16 died. It is highly probable that a 
number of different genotypes were represented as segregates and 
might have been isolated if time and garden space could have been 
given to their further study. With respect to the large group of 
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355 rosettes with narrow leaves much the same situation was 
presented. There was a group of 49 dwarfs and in the large 
assemblage of 306 rosettes of the franciscana type sufficient variation 
appeared as the plants matured to indicate that with respect to 
flower size and position of the stigma the group was far from 
homogeneous. It was not my purpose in this study to trace the 
ramifications of segregation but rather to study the results of 
selection to the type of neo-Lamar ckiana. 

The Fs Generation, and the Second Generation from 
Neo-La ma rckia na . 

The Fs generation was studied with particular care as to the 
character of its segregates, and, like the F4 generation, was grown 
from seeds forced to complete germination. The culture, 17.41, 
was from selfed seeds of the F4 plant 16.41, XIX-4, the second plant 
in the line of individuals bearing the name neo-Lamarckiana. 

The contents of 5 capsules, 1,089 seeds, were soaked 24 hours and 
then subjected while in water to pressure of about 100 pounds for 
36 hours. The seeds were germinated in Petri dishes at first at 
room temperature and later placed in the greater warmth of the 
green house. The culture gave 899 seedlings, a germination of 
82.5 per cent. 

It was necessary to remove the seed coats from 109 germinating 
seeds the cotyledons of which were unable to free themselves, and 
of this group 65 seedlings shortly died in the seed pans. Thus only 
44 seedlings survived the operation and these produced a mixed 
group of rosettes showing that they did not constitute a genetical 
class. Other mortality in the culture eliminated early 19 more 
seedlings. 

The culture in the rosette stage contained 815 plants which were 
grouped as follows: 277 Lamarck iana-like rosettes, 52 dwarf rosettes 
frequently with sickle-shaped leaves, 452 franciscana-\ike rosettes, 
34 etiolated dwarf rosettes, albida-\ike, which died early. It will be 
observed that the class of rosettes with obtuse pointed leaves which 
dropped out in the fourth generation did not reappear. As in other 
generations this classification of rosettes although of interest did 
not give the final composition of the culture since many modifi- 
cations appeared as the plants matured. 

17 
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From the group of 277 Lamarckiana-Mke rosettes 91 plants of 
neo-Lamarckiana matured, 102 plants bore Laynarckiana-Vik^ foliage 
but were more franciscana-Vike as to their bud tips, 22 plants of the 
hero type appeared, 13 plants developed of the franciscana dicarj 
type, 18 plants remained as Lamarckiana-\ike rosettes, 31 plants died. 

The group of 52 dwarf rosettes, frequently with sickle-shailed 
leaves, produced 31 plants of the franciscana dicarf type, and 6 
plants naneUa-Vikt in foliage and bud characters; 15 plants died. 

In the large assemblage of 452 franciscana-\\k& rosettes 9 plants 
of the franciscana du'arf type appeared; 410 typical rosettes were 
discarded for lack of garden space and the remaining 33 rosettes 
became plants of the franciscajia type. The discarded rosettes were 
undoubtedly chiefly if not wholly of the franciscana type which was, 
therefore, represented in the culture by a very large group. 

Thus there appeared in this highly varied assemblage of the F5 
generation the same clearly defined segregates as in the F4, and in 
addition two new forms, e.g., a nanella-Yike dwarf and the hero type 
which, however, was represented in the Fo by a single plant. The 
former segregates which reappeared were the albida-Mke dwarfs, the 
franciscana type, the franciscana dioarf type, and the probably mixed 
assemblage of forms with Larnarckiana-hke foliage but with buds 
more franciscana-Xike, and various in flower size. The yianella-hke 
plant and the hero type are distinguished as follows; 

Nanella-like. 

Mature rosettes. Medium-sized with broad leaves closely set and 
frequently asymmetrical. 

Mature plants. About 3 dm. high, compact with short internodes, 
foliage of broad leaves. 

Buds. Sepal tips pointed. 

Flou'ers. \’arious in size. 

Capsules. Medium-sized and good yield of seed. 

Pollen. About 90 per cent perfect. 

The hero type. 

Mature rosettes. \’ery large, the leaves broad and thick (Fig. 6). 
Mature plants. With long spreading side shoots (Fig. 7), foliage 
of large thick leaves. 
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Inflorescence. As in franciscana, elongate and not flat topped 
(Fig. 8). 



Fig. S. Inflorescence of the hero type, 14.522. Long buds with stout cones. 

Buds. About 8 cm. long, stout (Fig. 8). Sepal tip> thick, blunt 
pointed and tvith the heavy pubescence oi franciscana. 

Floscers. Petals 3.8 cm. 

Stigma. Lobes 7-8 mm. long, 5-6 mm. above the anther tips. 
Capsules. About i .8 cm. long, yielding at best a very small harvest 
of seed when selfed, and these seeds largely sterile. 

Pollen. Small in quantity and the grains chiefly shriveled. 

The hero type from neo-Lamarckiana was a plant of such interest 
that several tests were made of its fertility and behavior in selfed 
lines (Table III.). Chromosome counts in the developing owiles of 
two plants gave numbers ranging from 17-20 which, together with 
the great variation displayed in selfed lines and the very low 
fertility, clearly indicates that the hero type is generally a triploid 
plant carrying 21 chromosomes. One plant (20.43-3) proved to 
have 28 chromosomes and, therefore, in this respect corresponded 
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to gigas from Lamarckiana. This plant gave culture 21.43 of 
Table III. which unfortunately suffered such mortality as to produce 
no mature plants and consequently the line ended. 

The composition of the F5 generation presented the following 
distribution of plants; 

91 plants of neo-Lamar ckiana, 10. i per cent. 

102 plants Lamarckiana-\ik.e in foliage but with bud tips more 
like franciscana. 

18 plants remained as Lamarckiana-like rosettes. 

6 dwarfs, nanella-like in foliage and bud characters. 

34 etiolated seedlings and rosettes, albida-like. These died 
early. 

22 plants of the hero type. 

443 plants of the franciscana type including 410 typical rosettes 
discarded for lack of garden space, 49.3 per cent. 

53 plants of the franciscana dwarf type. 

130 plants died before their characters could be determined, 
84 as young seedlings and 46 older plants either as 
potted rosettes or in the field. 

899 Total of germinations, 82.5 per cent. 

The plant of neo-Lamarckiana, 17.41, X\TII-2, selected to 
carry forward the line was wholly true to its type. 

The Fe Gener.\tiox, axd the Third Gener.a.tiox from 
N eo-Lamarckiana . 

The Fe generation, culture 19.41, was from selfed seeds of the F5 
plant 17.41, X\’III-2, the third plant in the line of individuals 
bearing the name 7 ieo-Laniarckiana . Like the F5 generation it was 
studied with particular care as to the nature of the segregates and 
the culture was grown from seeds forced to complete germination. 

From 3 capsules 701 seeds were obtained which alter soaking for 
24 hours were placed, during another 24 hours while in water, twice 
under pressure of 75 pounds and twice under exhaust. This alter- 
nation of pressure and exhaust was a modification of former treat- 
ment and designed to bring about more quickly the entrance of 
water into the seed. Germination was immediate and almost 
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ended after a week; it was fully completed after 3 weeks. The 
seedlings numbered 61 1, a germination of 87.2 per cent. 

A group of 14 etiolated, albida-Mke seedlings and young rosettes 
died early which together with other mortality partly due to the 
operation of removing persistent seed coats reduced the number of 
plants to 586 at the time when the culture was set in the ground. 
These 586 plants were at this time grouped as follows: 156 La- 
marckiana-Vike rosettes, 60 dwarf rosettes generally with sickle- 
shaped leaves, 275 francisca?ia-\\ke rosettes of which 130 were 
discarded for lack of garden space, 95 rosettes of uncertain re- 
lationship at this stage of their development. As the culture 
matured many plants departed from the indications of their rosette 
stages, except that the plants with jranciscana-\\k& rosettes all 
developed into the frmiciscana type. This group of segregates 
even as half-grown rosettes may be selected with a high degree of 
certainty. 

The group of 156 Lamarckiana-like rosettes produced 84 plants 
of neo-Lamarckiana, 37 plants Lamarck iana-Vike in foliage but with 
bud tips more fra?iciscana-\ike and flowers of various sizes, 20 
dwarfs nanella-Vike in foliage and bud characters, i plant of the 
hero type, 6 plants of the franciscana dicarj type, 8 plants died. 

The 60 dwarf rosettes, generally with sickle-shaped leaves, 
developed 50 plants of the franciscana dicarf type, 10 plants died. 

Of the 275 rosettes /ranmcawa-like 130 were discarded for lack 
of garden space, 142 developed plants of the franciscana type, 
3 died. 

From the 95 rosettes of uncertain relationships there developed 
2 plants of neo-Lamarckiana, 2 plants of the hero type, 61 plants of 
the franciscana type, 22 plants of the franciscana dicarf type, 8 
plants died. 

The composition of the Fg generation presented the following 
distribution of plants: 

86 plants of neo-Lamarckiana, 14. i per cent. 

37 plants Lamarckiana-hke in foliage but with bud tips more 
like franciscana. 

20 dwarfs, ?ianella-\ike in foliage and bud characters. 
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14 etiolated seedlings and rosettes, albida-Vike. These died 
early. 

3 plants of the hero type. 

333 plants of the franciscana type including 130 typical rosettes 
discarded for lack of garden space, 54.5 per cent. 

78 plants of the franciscana dwarf type. 

40 plants died, before their characters could be determined, 
1 1 as seedlings or young rosettes and 29 older plants after 
the culture was set in the ground. 

61 1 Total of germinations, 87.2 per cent. 

It will be noted that the Fe generation in the character of its 
segregates parallels the performance of the F5 generation and is also 
the same as that of the Fi except for the addition of fianella-like 
dwarfs. It is also interesting to note the percentages of the two 
largest groups in the three generations. Xeo-Lamarckiana made up 
5.4 per cent, of the F4, lo.i per cent, of the F5, and 14. i per cent, 
of the Fe. The franciscana type composed 43.3 per cent, of the F4, 
49.3 per cent, of the F5, and 54.5 per cent, of the Fe. The per- 
centages of neo-Lamarckiana in the F4 and Fs are probably lower 
than they should be because large numbers of Lamarckiana-Mke 
rosettes (48 in the F4 and 18 in the F5) failed to send up shoots and 
some of these rosettes may have been plants of neo-Lamarckiana. 
None of the percentages in the cultures can be more than approxi- 
mate because of the large mortality which, however, was much 
higher in the F4 and F-, than in the Fe. Therefore it seems probable 
than the percentages of the Fs are more nearly accurate. 

Plant 19.41, II-2, representative of neo-Lamarckiana, was 
selected to be parent of the Fj generation. 

The Ft Gexeratiox, and the Fourth Generation from 
Neo-La ma rckiana . 

The Ft generation, culture 20.41, was from the Fs plant 19.41, 
1 1-2, the fourth plant to bear the name neo-Lamarckiana in this 
selfed line. 

The culture was grown from earth-sown seeds in pans kept for 7 
weeks. There were sown 494 seeds, the contents of 2 capsules, and 
during the 7 weeks the seedlings which came up and produced 
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rosettes numbered 224, a germination of 45.4 per cent. This was 
poor germination as contrasted with the percentages of 87.4 for the 
F4, 82.5 for the F5, and 87.2 for the Fe, from seeds experimentally 
forced to complete germination, and it became a matter of interest 
to see what classes of segregates would be represented in the culture. 
The results gave striking evidence for my contention that the earth- 
sown cultures of much of the work on CEnothera hybrids are likely 
to have shown only partially the \’ariety and numbers of types 
represented by seeds that germinate slowly or not at all under the 
usual methods by which cultures are started. 

All of the 224 rosettes lived and the composition of the F7 
generation from earth-sown seed was as follows; 

59 plants of neo-Lamarckiana. 

12 plants Lamarckiana-\\\i& in foliage but with bud tips more 
like franciscana. 

5 plants remained as Lamarckiana-\ike rosettes. 

147 plants of the fraficiscana type. 

I plant of the franciscana dwarf type. 

224 Total of germinations in earth, 45.4 per cent. 

Comparing this list of segregates rvith those of the 4th, 5th and 
6th generations it is evident that the lower germination from earth- 
sown seeds cut out almost wholly the three groups of dwarfs, e.g., 
the albida-hke dwarf, the nanella-Mke forms, and the franciscana 
dwarf type. Assuming that the neo-Lamarckiana genotype had not 
changed, a full germination of 87 per cent, would have given about 
430 plants. The representation of ?ieo-Lamarckiana might have 
been about 14 per cent, of 430 or 60 plants and it happened that 
the number of plants of neo-Lamarckiana numbered 59. A full 
representation of the franciscana type might have been 50 per cent, 
of 430 or 215 plants and the actual number was only 147. Therefore 
the low germination probably also affected the representation of the 
franciscana type. There were no hero plants. The justification of 
this speculation will be shown by the performance of the succeeding 
Fg generation which was grown from seeds forced to complete 
germination. 

Plant 20.41-157 was selected from the F? as the representative of 
neo-Lamarckiana to be parent of the Fg generation. 
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The Fg Gexeratiox, axd the Fifth Gexeratiox from 
Neo-La marckiana . 

The Fs generation, culture 21.41, from the F7 plant 20.41-157, 
the fifth plant of neo-Lamarc'kiana, is of special interest as a culture 
grown from seeds forced to complete germination following a 
generation of earth-sown seeds. The contents of 2 capsules, 622 
seeds, after soaking 24 hours were subjected while in water to 
alternate exhaust and pressure up to 30 pounds 7 times during the 
following 24 hours. There were 560 germinations within 4 days 
after this treatment and germination was completed after 12 days. 
Apparently an alternation of pressure with exhaust is particularly 
effective in forcing water through the seed coats. The seedling 
numbered 573, a germination of 92.1 per cent. 

It was necessary to remove the seed coats from 16 germinating 
seeds. There were 9 seedlings of the sort that I have named stumpy 
because the hypocotyl fails to develop a root and consequently the 
seedling dies after a few days. Stumpy seedlings are not un- 
common in CEnothera cultures but only recently have I made 
records of their presence. There were 13 etiolated alhida-\{k& 
seedlings which soon died. Other mortality reduced the culture to 
537 plants when set in the field. 

The rosettes were not grouped before planting so there is no 
record of their classification at this stage. This proved unfortunate 
since an unusual drought resulted early in a very high mortality in 
the field and I can only judge the probable effects of this drought on 
the groups most affected by the final counts of plants made during 
the summer. 

A new type appeared in this generation which I shall refer to as 
blunt tips, distinguished as follows: 

Blunt tips. 

Rosettes. Small with narrow obtuse pointed leaves. 

Mature plant. Short, erect with narrow leaves generally obtuse 

pointed. 

Sepal tips. Short and blunt. 

Flowers. Medium sized. 

Capsules. Elongated, medium sized. 

Pollen. Chiefly shriveled grains. 
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In habit of growth, foliage, and inflorescence this type re- 
sembles closely 0 . oblonga from Lamarckiana but the capsules were 
not short as in that plant. 

The final composition of the Fg generation presented the fol- 
lowing distribution of plants: 

72 plants of neo-Lamarckiana, 12.6 per cent. 

39 plants Lamarckiana-Vike in foliage but with bud tips more 
like franciscana. 

10 plants remained as Lamarckiana-Mke rosettes. 

I broad leaved dwarf rosette, nanella-like, failed to mature. 

13 etiolated seedlings and rosettes, albidaAike. These died 
early. 

I plant of the hero type. 

I plant, bhmt tips. 

171 plants of the franciscana type, 29.8 per cent. 

24 plants remained as franciscana-like rosettes. 

23 plants of the franciscana dtvarf type. 

218 plants died before their characters could be determined, 
23 as seedling or young rosettes and 195 older plants in 
the field. 

573 Total of germinations, 92.1 per cent. 

Since the Fg generation presents the same variety of segregates 
as appeared in the 4th, 5th and 6th generations, it is evident that the 
genotype of neo-Lamarckiana cannot have changed materially as 
carried along in this selfed line. It must also have been the same in 
the Ft and the poor representation of segregates in that generation 
was undoubtedly due to incomplete germination of the earth-sown 
seeds as set forth in the preceding section. 

The high mortality among the plants of the Fg generation in the 
field probably affected chiefly the groups of dwarfs and to some 
e.xtent the class of the franciscana type. The 72 plants of neo- 
Lamarckiana constituted 12.6 per cent, of the 573 seedlings, a per- 
centage close to the figures 10. i and 14. i for the 5th and 6th gener- 
ations. The 171 plants of the franciscana type together with the 
24 franciscana-like rosettes constitute only 34 per cent, of the 
germinations which in the 4th, 5th and 6th generations was close to 
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50 per cent., so it seems probable that this class as in the F? suffered 
with the high mortality of the culture. 

It is of particular interest that the group of neo-Lamar ckiana, 
although not large in number, has proved to be least affected by 
the vicissitudes of seasons constituting from the 5th generation on 
from 10 to 18 per cent, of the cultures. 

Plant 21.41-85 was selected from the Fg as the representative 
of neo-Lamarckiana to be parent of the Fg generation. 

The Fg Generation, and the Sixth Generation from 
Neo-Lamarckia?ia. 

The Fg generation, culture 23.41, was from the Fg plant 21.41-85, 
the sixth plant of neo-Lamarckiana in this selfed line. From 2 
capsules 553 seeds, after soaking 24 hours, were subjected while in 
water to alternate exhaust and pressure of 30 pounds 8 times 
during the following 12 hours. There were 496 germinations 
within 4 days and germination was found to be complete after 15 
days. The seedlings numbered 512, a germination of 92.6 per cent. 

Stumpy seedlings (those which failed to develop a root) num- 
bered 3 and it was necessary to remove the seed coats from 14 
germinating seeds. There were 23 etiolated albida-\\ke seedlings 
which soon died. Other mortality reduced the culture to 442 
plants when set in the field. 

Three new types appeared in this generation, pointed tips, 
bushy, and hairy, with distinguishing characters as described below. 

Pointed tips. 

Rosettes. Small with acute pointed leaves. 

Mature plants. Short, erect, with narrow leaves acute pointed. 
Buds. Red sepals and reddish hypanthium. 

Sepal tips. Attenuate and green. 

Flo-iVers. Medium sized. 

Capsules. Elongated, fair yield of seeds. 

Pollen. About 80 per cent, shriveled. 

In habit of growth, foliage and acute pointed sepal tips this 
plant resembles scintillans from Lamarckiana. As with scintillans 
the low fertility is probably associated with irregularities of chromo- 
some distribution. 
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Bushy type. 

The mature plant is without long branches from the rosette 
and it develops in greater number and to much greater length 
those branches above. Otherwise the bushy type is quite the same 
as neo-Lamar chiana. 


Hairy type. 

Rosettes. Broad leaves. 

Mature plants. Short, erect, broad leaves, stems with a very 
hea\’y’ pubescence. 

Buds. Much more hairy thd^n franciscana. 

Sepal tips. Short, blunt, and very hairy. 

Capsules. Medium length, fair yield of seeds. 

Pollen. Chiefly shriveled. 

I have never seen such remarkable pubescence in material 
derived from biennis and /rowa'scana. 

The final composition of the F9 generation presented the fol- 
lowing distribution of plants: 

95 plants of neo-Lamarckiana, 18.5 per cent. 

48 plants Lamarckiana-Vik& in foliage but with bud tips more 
\ikt fra^iciscana. 

24 plants remained as Lamarckiana-Y\k% rosettes. 

23 etiolated seedlings and rosettes, o/Wda-like. These died 
early. 

5 plants of the hero type. 

3 plants, blunt tips. 

I plant, pointed tips. 

4 plants of the bushy type. 

I plant of the hairy type. 

241 plants of the franciscana type, 47.1 per cent. 

I plant remained as a f rancisca 7 ia-\[ke rosette. 

II plants of the franciscana dwarf type. 

55 plants died before their characters could be determined, 
48 as seedlings or young rosettes and 7 older plants in 
the field. 

512 Total of germinations, 92.6 per cent. 
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The Fg generation was in several respects of particular interest. 
The representation of neo-Lamar ckiana, 18.5 per cent., was larger 
than in any previous generation. The ratio of xLi^jranciscana type, 
47.1 per cent., was close to previous figures when germination was 
good and mortality low. Three new forms appeared which to- 
gether with repetitions of previous types made this generation much 
more varied than any previous culture in this line. 

Plant 23.41-335, representative of neo-Lamarckiana was selected 
CO be parent of the Fio generation. 

The Fio Gexeration, axd the Seventh Gexer-Atiox from 
Neo-Lamarckiana . 

The Fio generation, culture 24.41, from the Fg plant 23.41-335, 
the seventh plant of neo-Lamarckiana in this selfed line, was the last 
generation grown. The contents of 2 capsules, 433 seeds, were 
soaked for 6 hours and then treated to alternate exhaust and 
pressure of 30 pounds five times in 24 hours. Within 4 days 365 
Seeds had germinated, and germination was complete after 12 days. 
There were 384 seedlings, a germination of 88.7 per cent. 

Stumpy seedlings numbered 16 and it was necessary to remove 
the seed coats from 26 germinating seeds There were 19 albida-\\ke 
seedlings and young rosettes which soon died. The culture con- 
tained 316 plants when set in the field. 

The final composition of the Fio generation presented the 
following distribution of plants: 

84 plants of neo-Lamarckiana, 21.9 per cent. 

21 plants Lamarckiana-\\k& in foliage but with bud tips more 
like franciscana. 

19 etiolated seedlings and rosettes, albida-like. These died 
early. 

2 dwarfs, nanella-like in foliage and bud characters. 

I plant of the hero type. 

I plant, blunt tips. 

I plant, pointed tips. 

3 plants, bushy type. 

185 plants of the franciscana type, 48.2 per cent. 

13 plants of t\\e franciscana dwarf type. 
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2 nar^o^v-lea^'ed dwarf rosettes failed to mature. 

52 plants died before their characters could be determined, 
49 as seedlings or young rosettes and 3 older plants in 
the field. 

384 Total of germinations, 88.7 per cent. 

The Fic generation gave again examples of blunt, tips, pointed tips, 
and the bushy type which first appeared in the ninth generation. 
The representation of neo-Lamarckiana was 21.9 per cent., the 
highest percentage in the series of seven generations (Table \T.), 
The ratio of the franciscana type, 48.2 per cent., was again close to 
previous figures. 

Crosses between Biennis and Neo-Lamarckiana. 

My studies have concerned themselves chieflv' with cultures from 
neo-Lamarckiana designed to establish by selection the genetype and 
to record its behavior through a number of generations. Crosses 
have, howet'er, been made with biennis to determine whether neo- 
Lamarckiana would, like Lamarckiana, produce twin hybrids. 

The cross biennis X neo-Lamarckiana was studied in two cultures 
(16.44 and 17.44) from seed forced to complete germination and both 
cultures presented two distinct classes of plants: (i) a type similar 
to biennis in flower structure and in having broad leaves and stems 
mostly without red papilhc, and (2) a type suggesting /rawa’scawa in 
its narrow leaves and stems bearing numerous red papillae but unlike 
franciscana in having generally small flowers. The types were 
readily separated in the rosette stage (Fig. 9). Therefore, we have 
from this cross twin hybrids comparable to those from biennis 
X Lamarckiana and separated by differences of habit and foliage 
such as distinguish the twin hybrids lata and velutina of the latter 
cross (de \’ries 1913). Flower size and structure did not follow a 
clear system, both classes presenting a wide range of variation. 
The distribution of the two classes is shown in Table I. 

The reciprocal cross, neo-Lamarckiana X biennis, involving the 
same parent plants as the former cross, was likewise studied from 
two cultures (16.43 tmd 17-43) also grown from seed forced to com- 
plete germination. The seedlings started light green in color and 
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weak, and such rosettes and older plants as lived had light green 
leaves and never became strong. Only 5 plants (17.43) reached 
maturity and these had a habit and leaf form similar to biennis 

TABLE I. 

Twin Hybrids from the Cross biennis X neo-Lamarckiana. 

Class I, plants ileMHH-like in habit and in having broad leaves and stems 
mostly without red papillae. 

Class 2, plants suggesting/rancisraHti in having narrow leaves and stems with 
numerous red papillae. 


Culture. 

Total 

Germina- 

tion. 

1 Percentage 
[ of Germi- 
[ nation. 

Plants 

in 

Class I. 

Plants 

in 

Class 2. 

Died. 

16.44 

< 

127 

1 98 4 

II 

109 

7 

17-44 

197 

1 92.0 

8 

1S5 

4 


but with stems red papillate. Thus, as far as expressed, this cross 
gives a uniform progeny as does the cross Lamarckiana X biennis. 
The record of the cross is given in Table II. 


TABLE 11 . 

Records from the Cross neo-Lamarckiana X biennis. 


1 

Total 

Percentage 

Living through 

Reaching 


Culture. 

Germina- : 

of Germi- 

the Summer 

Maturity. 

Died. 


tion. ' 

nation. 

as Rosettes. 



16.43 

lOl 

84.1 

24 


77 

17-43 

215 

97-3 

1.5 

5 

195 



Fig. 9. Young rosettes of the cross biennis X neo-Lamar cbiana (16.44), 
representative of the two classes similar to the twin hybrids lata and velutina 
from the cross biennis X Lamarckiana. 
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We find, therefore, in the crosses to biennis that neo-Lamarckiana 
as the pollen parent behaves in the same manner as does La- 
marckiana to the same plant, producing twin hybrids comparable to 
lata and vehitina. It will be remembered that this behavior of 
Lamarckiana is held by critics of the mutation theory of de V ries 
to be strong evidence that Lamarckiana forms two classes of fertile- 
gametes and is therefore heterozygous. The similar behavior of 
neo-Lamarckiana, a known hybrid, gives substantial support to 
this criticism of the purity of Lamarckiajia . 

The Behavior, When Selfed, of Derivatives from 
Xeo-Lamarckiana. 

There is given below the behavior, when selfed, of derivatives 
from neo-Lamarckiana as listed in Table VT. 

The franciscana type. 

This form which always appears from neo-Lamarckiana in 
numbers close to 50 per cent, of the culture was tested from a selfed 
plant, through culture 24.42. The contents of one capsule, 482 
seeds, on forced germination ^ gave 467 seedlings, a germination of 
96.8 per cent. The rosettes were uniform and franciscana-\i^& 
except for one narrow-leaved dwarf which on maturing proved to 
be a plant of pointed tips. The culture matured 423 plants all of 
the franciscana type except for the one pointed tips. The franciscana 
type may then be considered as breeding true and since it has 
almost perfect pollen output and almost complete seed fertility 
the type is probably close to homozygous. 

The franciscana dwarf type. 

This plant, like the franciscana type, has always been thrown by 
neo-Lamarckiana, but in much smaller numbers (see Table VI.), 
never above 13 per cent, of the culture. A selfed plant gave on 
forced germination culture 24.43 with 255 seedlings from 330 seeds, 
the contents of one capsule, a germination of 77.3 per cent. There 
matured 233 plants all of the franciscana dwarf type. The high 

* Forced germination in this section of the paper means that the seeds after 
soaking in water for 6 hours were treated to alternate exhaust and pressure to 
30 pounds, 5 times in 24 hours. 
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degree of seed fertility and almost perfect pollen together with 
this breeding test indicate that the franciscana dwarf type cannot 
be far from homozygous. 

Albida-like. 

This plant type similar to albida from Lamarckiana in having 
etiolated leaves on its small and weak seedlings and young rosettes 
has never matured, even when protected, and consequently has 
given me no seed. 

Nanella-Uke. 

This form, similar to natiella from Lamarckiana as rosettes, in 
dwarf habit and in foliage and bud tips, but with flowers of various 
size, was tested in culture 19.45 from a selfed plant. The contents 
of two capsules, 206 seeds, on forced germination gave 168 seedlings, 
a germination of 81.6 per cent. There matured 141 plants breeding 
true to the characters listed above. This true breeding together 
with the good seed fertility and good pollen development indicate 
a high degree of purity in the type. 

The hero type. 

As with other triploid plants of CEnothera the fertility of the 
hero type is very low and numerous selfings must be made to obtain 
seed. Thus, 26 selfings of a plant (23.41-404) gave only 177 seeds 
from 15 shriveled capsules and these on forced germination pro- 
duced only 29 seedlings (Culture 24.45, Table III.). A large pro- 
portion of the pollen grains are four lobed, but almost all are 
shrunken and dead. Seed sterility is very high. 

Cultures have been grown from five different plants with results 
as shown in Table III. The variation in the progeny was extra- 
ordinary but most of the plants were weak or dwarf and the mor- 
tality in the cultures was high. A few plants appeared of the hero 
type. One plant (20.43-3) presented 28 chromosomes, but its 
progeny (Culture 21.43, Table III.) although fairly large consisted 
of weak rosettes which failed to mature. Two plants on examina- 
tion gave chromosome counts close to 21 and it seems safe to con- 
clude that the hero type is generally triploid. It is obvious that the 
hero type is strongly heterozygous. 


18 



268 


DAVIS— OENOTHERA NEO-LAMARCKI ANA 




DAVIS— CEXOTHERA XEO-LAMARCKIAXA 


269 


Blunt tips. 

The contents of one capsule, 256 seeds, on forced germination 
produced 241 seedlings, a germination of 94.1 per cent. The 
culture, 24.46, numbered 205 plants, when set in the field, of which 
all lived except 2 narrow-leaved dwarf rosettes. Of the 203 plants 
which matured only 9 were blunt tips; the remainder were fran- 
ciscana-like. 

It is clear that blunt tips is heterozygous and the reason why it 
produces so few of its kind is probably the high degree of sterility 
of its pollen. Blunt tips apparently develops very few gametes of 
its kind but many of the franciscana type which accounts for the 
large number of plants of the latter in its progeny. 

Pointed tips. 

This interesting plant has appeared only twice from neo-La- 
marckiana, one plant in culture 23.41 and one plant in culture 24.41. 
It has, however, been thrown once by franciscana, culture 23.21, 
and is the only variant which franciscana has produced in the ten 
generations of this line which I have grown with its total of about 
2,300 plants. 

Plant 23.41-156 from neo-Lainarckiana produced only 28 seeds 
in two shriveled capsules and none of these germinated. I had 
better results from plant 23.21-165 thrown by franciscana. The 
contents of one capsule, 384 seeds, on forced germination gave 361 
seedlings, a germination of 94 per cent. This culture, 24.25, 
matured 332 plants all f ranciscana-bk^ except for 3 plants of pointed 
tips. Reciprocal crosses between plant 23.21-165 and franciscana 
gave in both cultures, 24.26 and 24.27, only franciscana except for 
3 dwarfs. Since the pollen of pointed tips is 80 per cent, shriveled, 
it seems clear that this plant like blunt tips is heterozygous and 
develops very few gametes of its genotype but many of the fran- 
ciscana type so that its progeny is almost wholly of the latter. 

Bushy type. 

The bushy type, which differs from neo-LamarcMana only in its 
habit of growth, gave a progeny when selfed very much like that 
of the latter. Culture 24.48 started with 272 seedlings from the 
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forced germination of 295 seeds, the contents of one capsule, a 
germination of 92.2 per cent, which was close to that of veo-La- 
marckiana. The final composition of the culture was: 

29 plants of neo-Lamarckiana, \ 

, r , , I -S -3 per cent. 

40 plants of bushy type, j 

II etiolated seedlings and rosettes, albida-\ike. These died 
early. 

I plant of the hero type. 

I plant of hairy type. 

164 plants of the franciscana type, 60. 3 per cent. 

13 plants of the franciscaria diearf type. 

3 narrow-leaved dwarfs. 

10 plants died before their characters could be determined. 

272 Total of germinations, 92.2 per cent. 

This performance was so close to that of neo-Lamarckiana in the 
character and proportions of the derivatives that one may well 
doubt whether bushy type is genetically distinct from this plant. It 
seems more probable that its peculiarities of habit represent only a 
modification under cultivation. 

Hairy type. 

The contents of one capsule, 216 seeds, on forced germination 
gave 168 seedlings, a germination of 77.7 per cent. The culture, 
24.49, at maturity contained the following: 

35 plants of the hairy type. 

106 plants of the franciscana type. 

12 plants of the fraftciscana dwarf type. 

I broad-lea^’ed dwarf rosette. 

I linear-leaved dwarf rosette. 

13 plants died before their characters could be determined. 

168 Total of germinations, 77.7 per cent. 

The hairy type is clearly heterozygous and as with blunt tips and 
pointed tips gives the franciscana type in large proportions. Its 
pollen is largely shriveled and it seems probable that this form of 
sterility may eliminate gametes which if produced would give higher 
proportions of the hairy type. 
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Discussiox. 

The body of this paper has shown that CEnothera neo-La- 
marckiana through successive generations in a selfed line throws 
similar sets of new types, each type with its own range of frequency 
and all very different from one another. This is behavior parallel 
to the production by Lamarckiana of its particular set of “mutants.” 
Any new type from neo-Lamarckiana is a mutant when it becomes 
clear that an active new gene is present in its genetical constitution 
or when a gene is lost or rendered impotent. It is easy to state 
such conditions for the proof of a mutation but quite another thing 
to establish evidence for a particular case. The present study 
does not attempt to analyze the genetical constitution of the new 
types from neo-Lamarckiana. It does, however, make clear that 
a hybrid CEnothera performs in a manner similar to that of La- 
marckiana and thus thereby strongly indicates that Lamarckiana 
is itself heterozygous. 

My studies have concerned themselves chiefly with cultures from 
neo-Lamarckiana designed to establish by selection the genotype and 
to record its behavior through a number of generations. It has 
become evident that the genotype is heterozygous and there is no 
evidence that selection has changed its character. The breeding 
behavior of neo-Lamarckiana in the seventh generation was quite 
the same as in earlier generations so far as the more common of its 
derivatives are concerned (Table \’I.). Neo-Lamarckiana can be 
depended upon always to throw certain variants in fairly fixed 
proportions. Other variants are rare and appear only occasionally 
or in small numbers. When biennis is pollinated by neo-La- 
marckiana, twin hybrids result. The derivatives from neo-La- 
marckiana when selfed behave variously. Some are essentially 
homozygous as the franciscana type, the franciscana dzcarf type, 
and naueUa-Yike. Others are clearly heterozygous as the hero 
type, blunt tips, pointed tips, and the hairy type. Thus in t arious 
respects we see that neo-Lamarckiana and its derivatives behave in a 
manner similar to that of Lajnarckiana and its “mutants.” 

Of the derivatives from neo-Lamarckiana some show wholly or in 
large part characters of segregates. Notable among these are the 
franciscana type, the franciscana dwarf type, and nanella-Mke. 
Others present peculiarities difficult to associate with either parent 
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as in albida-VAie, the hero type, blunt tips, pointed tips and the hairy 
type. These may be truly mutants although my studies do not 
prove them to be, for it is not always easy to establish a character 
as wholly new to the ancestry of any line of plants or animals. The 
highly heterozygous character of these plants and their poor breeding 
through high degrees of sterility make them ver\' difficult for study. 
If they are mutants it is important to recognize the fact that they 
have been derived from the heterozygous or impure species neo- 
Lamarckiana. 

A matter of particular interest in a comparison of neo-La- 
marckiana with Larnarckiana is that of sterility both gametic and 
zygotic. The pollen grains of Larnarckiana are about 50 per cent, 
shriveled. The pollen of neo-Lamar ckiana has been examined from 
the F3 plant 15.53a, the F4 plant 16.41, XIX-4, and the F? plant 
20.41-157 (all plants being of the line described in this paper), 
and the results show uniformly 50 per cent, or somewhat more of 
shriveled grains. In this connection it is of interest to note that 
the parent species biennis has 50 per cent, or more of shriveled 
pollen while that of franciscana is almost wholly perfect. La- 
marckiana and neo-Lamar ckiana, therefore, agree in showing about 
the same degree of pollen abortion. 

With respect to seed sterility, however, Larnarckiana and neo- 
Lamarckiana present sharp contrasts probably of important 
genetical significance. I have a five-year record of the seed fertility 
in a line of Larnarckiana which I am carrying and which originally 
came from seed of de \Ties. The results of cultures from seeds of 
this line, forced to complete germination, is given in Table IV. and 
agree closely with the findings of de Vries and others. CEnothera 
Larnarckiana has a seed fertility, differing somewhat in various 
lines, but apparently rather close to 35 per cent. 


TABLE IV. 

Seed Fertility in a Line of CEnothera Larnarckiana. 


Culture Larnarckiana M. 

Parent Plant. 

Seeds Sown. 

Seedlings. 

Percentage 

of 

Germination. 

15-10 

14.10a 

701 (2 capsules) 

226 

32.2 

16.10 

15.10a 

226 (i capsule) 

96 

36.1 

17.10 

l6.loa 

550 (2 capsules) 

198 

36-0 

19.10 

17.10a 

102 (i capsule) 

40 

39-2 

24.10 

23.10-4 

254 (i capsule) 

94 

37-0 




DAVIS— (ENOTHERA NEO-LAMARCKIANA 


273 


The seed fertility of neo-Lamarckiana is high, about 90 per cent. 
My record for the line in cultures forced to complete germination is 
given in Table V. where are also included data from certain earth- 
sown cultures in which the percentage falls far below the proper 
figure (see cultures 13.35, 15-53 and 20.41), showing that earth- 
sown cultures of this material must give only a partial expression 
of its possibilities. 

TABLE V. 

Seed Fertility in a Line of (Enothera neo-Lamarckiana. 


Culture. 

Parent Plant. 

Seeds Sown. 

Seedlings. 

Percentage 
of Germi- 
nation. 


Fi 13-35 

jrajiciscana X biennis 

652 

32s 

50-5 

Earth sown 



(4 capsules) 




Fs 14-53 

13.35c 

454 

387 

S5.2 

Earth sown 



(5 capsules) 




F 3 15-53 

I4-53C 

625 

291 

46,6 

Earth sown 



(4 capsules) 




F« 16.41 

15-53'! 

764 

66S 

87.4 



ist neo-Lamarckiana 

(3 capsules) 




Fs 17-41 

16.41, XIX-4 

1089 

899 

82.3 



2d neo-Lamarckiana 

(5 capsules) 




Fs 19 . 41 , 

17.41, xvni-2 

701 

6II 

87.2 



3d neo-Lamarckiana 

(3 capsules) 




F7 20.41. 

19,41, 11-2 

494 

224 

45-4 

Earth sow’n 


4th neo-Lamarckiana 

(2 capsules) 




Fs 21.41 

20.41-137 

622 

573 

92.1 



5th neo-Lamarckiana 

(2 capsules) 




Fs 23.41. 

21.41-85 

553 

312 

92.6 



6th neo-Lamarckiana 

(2 capsules) 




Fid 24.41 . 

23.41-335 

433 

384 

88.7 



7th neo-Lamarckiana 

(2 capsules) 





It will be remembered that neo-Lamarckiana throws a large 
group, the franciscana type, constituting about 50 per cent, of the 
cultures and also a numerous group, the franciscana dwarf type. 
Lamarckiana presents no groups of derivatives comparable to these, 
its “mutants” being in small proportions as is true of the various 
other forms thrown by neo-Lamarckiana. A correlation is at once 
suggested between the high seed fertility of neo-Lamarckiana, 
about 90 per cent., and the appearance of the franciscana type 
and the franciscana dwarf type. Conditions in neo-Lamarckiana 
rendering sterile all or almost all of the seeds representing these 
two classes would give to neo-Lamarckiana a seed fertility below 
40 per cent., a figure close to the seed fertility of Lamarckiana. 
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Is there any “mutant’’ of Lamarckiana which as the francisca^ia 
type from neo-Laniarckiana may suggest a parental form? Of its 
“mutants” rubrinercis and erythrina are plants most similar to wild 
cenotheras in habit of growth, narrow leaves, and red pigmentation; 
they have the appearance of weediness well known to American 
botanists, an appearance not shown by such forms as scintillans, 
oblonga, nanelia, gigas and others. If one were to make a guess 
from the offspring of Lamarckiana which were most likely to re- 
semble a putative parent ancestor, these plants would be selected 
because they have rather closely the characters and appearance of 
certain American wild species. It should be remembered that 
rv.hrinervis and erythrina are similar except for the brittleness of 
the stems of riibrinenis. Both plants come out rather rarely in 
cultures of Lamarckiana but may this not be due to the high seed 
sterility of this species? In short, may not these plants be repre- 
sentative of types resembling a parent of Lamarckiana, but a type 
which rarely appears because suppressed by conditions that de- 
termine the low seed fertility of Lamarckiana? 

The very large group of franciscana-\\k.e plants appearing with 
every generation of neo-Lamarckiana may be thought of as reversion 
towards one of the parents of the cross. But, it should particularly 
be noted that no forms approaching the biennis parent have been 
thrown in the line from neo-Lamarckiana. Such forms should be 
plants having broad leaves, green stems, a flat-topped inflorescence, 
attenuate sepal tips, and medium-sized flowers with stigma below 
the tips of the anthers (autogamous). It is true, however, that a 
group of 14 green-stemmed plants with small flowers appeared in 
the F2 from a plant 13.350, sister plant to 13.35c of the line which 
gave neo-Lamarckiana (Davis 1916a, p. 230). 

Two types with characters of biennis ha^e been reported by 
van Orereem (1922) from a line of Lamarckiana. The first, de 
Vriesii, was a plant with 15 chromosomes derived from Lamarckiana 
semi-gigas. The second with 14 chromosomes came from de Vriesii 
and was named bienniformis. Both plants resembled biennis in 
foliage, inflorescence, buds and flow'er structure. Both had, how- 
ever, red papilte over the stems, a character, as far as I know', 
never present in 0 . biennis. These findings of van Overeem are of 
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interest as indicating some hiennis-\\k.e ancestor in the historj' of 
Lamarckiana. It is noteworthy that de Vriesii should have come 
out of Lamarckiana semi-gigas, a triploid plant, from which one 
may expect unusual segregation phenomena in the maturation of 
gametes. 

The fact that neo-Larnarckiana has in many respects the system- 
atic characters of Lamarckiana is, of course, more a matter of horti- 
cultural and taxonomic interest than of genetical significance. It is 
clear from its breeding that neo-Lamarckiana is not close to the 
genotype of Lamarckiana, but the similarity of its behavior in kind 
indicates that Lamarckiana is an impure species and its “mutants” 
the products of a heterozygous germ plasm. There is value in this 
demonstration of the origin of a large-flowered vigorous garden 
product since it shows how easily Lamarckiana might hax'e arisen 
as a hybrid out of the complex of (Efiothera material present in 
Europe in the earlier part of the last century (Davis 1913). 

Summary. 

In Table \T. there is presented the record of (Enothera neo- 
Lamarckiana in selfed line through the seven generations that have 
been grown and from this record and other data presented in this 
paper the following conclusions seem evident: 

TABLE M. 

Generations in the Selfed Line of CEnolhera neo-Lamarckiana Isolated in 
THE Fs OF Line from the Cross franciscana X biennis. 


Generation. 

Total 

Germination. 

0 d 
o.o 

— 

£ 

c ^ 

.5 

2 

c 

0 

'y 

c 1 

“ V 

2 

C 5 

S . 0 

Jranciscana type. 

r L, 

— ( '3 

2 .v 
2 "p, 

'S'? 

•S 

4 

, 

3 

pointed tips. 

bushy type. 

hairy type. 

s a 

S .• £ S 
^ Sg 5 

e c ^ 53 

Plants remaining 
as Lamarckiana- 
liko 

Rosettes. 

Fi 

i 

16.41! 

608 

'87.4' 

3 '> 

5-4 

2S9: 

43-3: 

78 

0 

1 

i 





65 

48 

Fi 

17.41' 

■899 

82.5 

91 : 

10. 1 

443 

49-3 

53 

34 

i 6 

1 3 





102 

iS 

Fs 

19.41 

61 I 

87. 2 

86 

14.1 

333 

54 5 

78 

14 

20 






37 


F, 

20.41 

224 

45-4 

59 


147 


I 


From eartli sown seeds 


12 

5 

Fs 

21.41 

.^73 

92.1 

72 

12.6 

171 

29 8 

-3 

13 

I 

I 

I 




39 

10 











rosette 








Fs 

23.41 

5^2 

I92.6 

95 

18.5 

241 

47-1 

II 

23 


5 

3 

I 

4 

I 

48 

24 

Fio 

24.41 

384 

jS 8.7 

84 

21.9 

1S5 

48. 2 

i- 

19 

2 

I 

I 

I 

3 


21 
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1. With respect to the genotype neo-Lamarciiana no changes 
have been noted in the appearance of its characters from generation 
to generation. The figures in Table \T. suggest an increasing per- 
centage of these plants as the generations followed one another, 
but it is not safe to draw conclusions since in every culture there was 
mortality and there were also numbers of Lamarckiana-Yike rosettes 
which failed to produce shoots and we cannot know to what extent 
ratios may have been modified by these facts. It is clear that in 
neo-Lamarckiana we have a representative of an impure species 
breeding true through a certain proportion of its progeny while 
obviously producing other types of viable gametes than those which 
in union with one another reproduce the parent neo-Lamarckiana. 
The plant is, therefore, heterozygous and the type has not been 
fixed by isolation through selling, nor is there any reason to believe 
that it ever would become homozygous. Thus as an impure 
species neo-Lamarckiana may properly be compared with La- 
marckiana. 

2. Neo-Lamarckiana through successive generations always 
throws variants. Some of these have always been present when a 
culture fully expressed itself; such are the franciscana type, the 
franciscana dwarf type, albida-Vike, and the hero type. Other 
variants, appearing in small proportions, have not always been 
found in cultures which generally numbered under 500 plants; 
in this group are nanella-\ike, blunt tips, pointed tips, bushy type, and 
hairy type. In the nature of this behavior neo-Lamarckiana 
parallels that of Lamarckiana. 

3. Unlike Lamarckiana my neo-Lamarckiana produces one 
variant in large proportions. This is the franciscana type which 
has generally made up close to 50 per cent, of the cultures. Thus 
we have in neo-Lamarckiana an impure species which combines the 
behavior of Lamarckiana in throwing certain variants in small 
proportions with a special peculiarity of producing in large pro- 
portions a type similar to one of its parents. This peculiarity 
seems to be correlated with the much higher degree of seed fertility 
of neo-Lamarckiana. 

4. Every generation from neo-Lamarckiana has shown a rather 
large assemblage of plants Lamarckiana-\[k& in foliage but with 
bud tips more like franciscana. This group has appeared in some. 
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what smaller proportions in later generations but it is not safe to 
conclude that these facts indicate a change in the behavior of 
neo-Lamarckiana. 

5. The cross biennis X neo-Lamarckiana gives twin hybrids; 
(1) a type similar to biennis, and (2) a type suggesting /rawcwcawo 
in having narrow leaves. This is behavior similar to that of the 
cross biennis X Lamarckiana resulting in the twin hybrids, Iceta 
and velutina. 

6. The cross neo-Lamarckiana X biennis gives a uniform 
progeny but the plants are light green and rarely live to maturity. 
In the fact that the progeny is uniform this behavior agrees with 
the cross Lamarckiana X biennis. 

7. Some of the derivatives from neo-Lamarckiana breed true 
e.xcept for rare variants and these forms have good pollen and high 
seed fertility. They are tht franciscana type, the franciscan a dwarf 
type, and nanella-Whe, and may be considered as close to homozygous. 
These forms in many characters appear to be segregates. 

8. Other derivatives are clearly heterozygous, breeding not at 
all true and e.\hibiting very large proportions of shriveled pollen and 
high degrees of seed sterility. Among these the hero type is ap- 
parently triploid with 21 chromosomes, one plant appearing with 28 
chromosomes. Other forms, blunt tips, pointed tips, and the 
hairy type, reproduce themselves in very small proportions but 
throw large groups of the franciscana type with occasional other 
forms. 

9. The derivative, albida-Whe, is etiolated and too weak to 
live. 

10. An interesting plant, bushy type, easily recognized by its 
habit of growth, gives a progeny similar to that of neo-Lamarckiana 
and is probably not genetically distinct from the latter, its peculi- 
arities representing a modification under cultivation. 

11. The pollen of neo-Lamarckia^ia consists of about 50 per cent, 
shriveled grains as is also true of Lamarckiana. 

12. The seed of neo-Lamarckiana is about 90 per cent, fertile in 
sharp contrast to that of Lamarckiana which is only about 35 per 
cent, fertile (varying with different lines). It seems probable that 
the high seed fertility of neo-Lamarckiana is correlated with the 
appearance of the large class of the franciscana type, constituting 
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about 50 per cent, of its progeny, together with the smaller group 
of the franciscana dwarf type. 

With this paper I am closing the line of studies on neo-La- 
marckiana and its derivatives. The ramifications of such studies 
might be followed indefinitely but I do not think that their findings 
would justify the work necessan.- and there are other subjects of 
CEnothera investigation that seem to me of greater interest. This 
study has reached the conclusion which was in my mind when the 
problem shaped itself some twelve years ago. They have shown 
(i) How an obviously impure species, CEnothera neo-Lamarckiana, 
may arise; (2) That such an impure species may maintain a constant 
condition of heterozygosis of the same genetical constitution al- 
though rigorously selected to its type ; (3) That it throws with each 
generation similar sets of derivatives in fairly fi.xed proportions; 
(4) That some of its derivatives have characters of segregates and 
breed true, and that others are heterozygous; (5) That conditions 
of sterility suggest probable reasons for various vagaries of breeding 
behavior. In the various points of behavior outlived above neo- 
Lamarckiana and Lamarckiana agree. 

University of Michig.\n, 

-3nn .^.RnoR, Mich. 
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PNEUMONIA IN PITTSBURGH. 


By EWALD TOMANEK, M.D.. Dr. P.H. and EDWIN B. WILSON. Ph.D. 

(Read April 24, 1924.) 

I. Introduction. 

1. Incident to a general statistical study of the epidemiology of 
pneumonia begun by Dr. Tomanek, Fellow of the International 
Health Board, under the supervision of Dr. M. J. Rosenau and con- 
tinued in association with Professor Wilson, it became early evident 
that statistically speaking the figures for the death rate from pneu- 
monia in Pittsburgh would not fit into homogeneous series with those 
from other large cities. That is to say, if the frequency distribution 
of the pneumonia death rate in large cities is set up and the statistical 
constants of the distribution (mean, mode, standard deviation, skew- 
ness, and kurtosis) are determined the death rate for Pittsburgh is 
so high that it has such a major effect in the determination of the 
values of some of these constants that the statistical description of 
the frequency distribution is markedly different according as Pitts- 
burgh is or is not included in the list of cities. 

2. For example with the data for 1922 : 


Pneumonia Death Rate per 100,000 in Cities over 100,000. 

R 10 30 50 70 90 no 130 150 170 190 * 290 

F I I 4 10 12 II 12 6 3 I * I 

The rates R advance by 20’s and the frequencies F are the number of 
cities reported. Pittsburgh exceeds the nearest city by 100. The 
statistical constants with and without Pittsburgh are : 


Mean 

Median 

Standard deviation 
Skewness x • ■ ■ • 

/3i = 

^2 = 

Mode 


Without Putsburgh. 
. 103.8 ± 4.5 

. . 100.9 

.. 36.1 ±3.1 

.02 ± .10 
.003 
. . 3.60 

.103.1 
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With Pittsburgh. 

106.7 ± 5-2 

101.8 

42.0 ± 6.0 

.31 ± .10 

1-315 

7-14 

93-7 
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(For method of calculation see R. Pearl, “ Biometry and Vital Sta- 
tistics,” Chap. XIII.) When Pittsburgh is rejected the curve is es- 
sentially normal ; when it is retained there is a decided skewness and 
a high degree of leptokurtosis. Although the number of cities (66) 
is small so that the constants have large standard deviations, a large 
degree of statistically significant difference between two cases can be 
inferred from the persistence of similar differences year after year,^ 
which in effect increases the number of data. Another test is found 
in the simple comparison of the deviation Pittsburgh — mean= i8o 
with the standard deviation of 42 or 36 which shows that the devia- 
tion is from 4 to 5 times the standard and should not occur once in 
66 times, nor once in 10,000 times, if we use the ordinary table for 
computing chances. 

3. When one meets such a condition of statistical instability due 
to a few outstanding observations several courses are open : ( i ) It 
is possible to appeal to the argument of the “ huge error ” and simply 
discard the anomalous figure. This simple if somewhat cavalier way 
out of the difficulty, though often justifiable in a case of a single up- 
setting observation, is hardly satisfactory when the same anomaly 
persists year after year. (2) One may adduce the argument of ex- 
ceptional circumstances which in this case would be to point out the 
smoky nature of the Pittsburgh air, the intense industrialization of 
the Pittsburgh district, the heavy work and high temperatures to 
which labor in the steel industry is exposed, etc. There are however 
other smoky cities, other highly industrialized districts, other centers 
of manufacture in the iron and steel trades; and the solution is not 
to be found so much in the dismission of Pittsburgh for the general 
arguments thus adduced as in the determination of how much of the 
anomalous situation relative to pneumonia there is attributable to 
each of the factors and whether taken together they will account for 
the whole. Such a study would take time and much money directed 

1 In 1920 which showed a recrudescence of influenza we have 

R .... 90 no 130 150 170 190 210 230 250 270 ♦ 390 

F 2 9 7 10 8 17 6 3 I 2* I 

and Pittsburgh leads by 120. The mean for 1920 was 185 and the Standard 
deviation was 52, Pittsburgh departing from the mean by 4 times the standard 
deviation. 
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toward the quantitative measure of the various factors concerned and 
would depend for any chance of real success upon the active coopera- 
tion of the employment, welfare, and medical departments of the in- 
dustry itself in assembling morbidity and other statistics which are 
not now kept. (3) It is possible to anah'ze in detail the statistical 
material available to determine whether there is internal evidence that 
some at any rate of the excessive number of deaths reported as due 
to pneumonia in Pittsburgh may not be due to other causes. It is 
only this relatively simple problem that we here attack. We desire 
to present the facts so far as we have been able to collect and digest 
them. 

4. Crude Pneumonia Death Rate, — So far back as 

mortality statistics are available two things are clear : first that the 
rate from pneumonia in Pittsburgh is high, second that it is getting 
higher. The mean number of deaths from pneumonia per 100,000 
population, as reported by the city officials and city health depart- 
ment, during each of the past five decades are 

1873-82 18S3-92 1893-02 1903-12 1913-22 

1392 204.0 215.7 253.4 343-2 

Omitting the year igiS when the influenza epidemic upset the normal 
pneumonia figures throughout the whole country, the lowest rate for 
Pittsburgh was 99 in 1875 and the highest was 381 in 1920. The 
last annual figures that we have were kindly supplied by Dr. C. J. 
Vaux, Director of the Pittsburgh Department of Health, who under 
date of Feb. 13, 1924, writes “ . . . for the year 1923: Deaths (all 
causes), 9,638. Rate per M. 15.6 (including non-resident deaths of 
I- 433 )- Violent deaths. 766. Pneumonia, all forms, 2,297.” It is 
noteworthy that for a city with a shifting population and a large 
number (15 per cent.) of non-resident deaths the general death rate 
of 15.6 is not especially high ; = that the violent deaths are 8 per cent, 
of the total; and that pneumonia as reported gives a proportionate 
mortality of 24 per cent, and a specific death rate of 380 for 1923, 

-Adjustment from crude to standardized rate would raise the figure to 
about 16.6; the Pittsburgh rate is high, higher than it should be even with all 
allowances, but with proper allowances the general death rate does not ap- 
pear to be inordinately high as is the case with the specific death rate from 
pneumonia. 
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practically identical with its 1920 maximum, highest of all large cities 
in the Union, and from 2 to 3 times the mean, median, or modal rate 
for all large cities. 

II. Details with Regard to the Years 1900-1920. 

5. Our registration area in this country has been steadily expand- 
ing from a relatively small number of states in 1880 to a relatively 
large number today. Contemporaneously there has probably been a 
considerable increase in the reliability and comparability of the ma- 
terial. By the year 1900 a large area was already available and 
pneumonia had become subdivided into lobar and broncho pneumonia. 
It is believed that the period 1900-1920 is on the whole the best in 
which to study in detail the general situation with respect to mortality 
from pneumonia and the particular situation in Pittsburgh. For this 
period the mortality statistics for pneumonia as supplied to us by the 
City Health Department of Pittsburgh can be subdivided and tabu- 
lated in narrow age groupings. The physician signing the death 
certificate is supposed to report as pneumonia every case of lobar 
pneumonia (Friinkel-Weichselbaum, type I.-IV.), the bacillary 
pneumonia of Friedlander, bronchitis capillaris of little children, 
atypical pneumonia, etc. Any pneumonia, lobular or lobar, which 
terminates a disease such as measles, whooping cough, scarlet fever, 
organic diseases of the heart, or the degenerative diseases, is supposed 
to be stated as a secondary cause of death. The multiplicity of 
causes of pneumonia, its various forms, the wide range of the clinical 
picture on the one hand, and on the other the limitations of the al- 
lowable nomenclature of pneumonia in the death certificate are the 
large and probably the main sources of unreliability and inaccuracy 
in pneumonia statistics. Although we give the figures for the sub- 
divisions of pneumonia, it seems reasonable to expect that those in 
the whole group “ pneumonia all forms ” have a higher degree of 
trustworthiness and significance and should be used as a primary 
basis for the study. 

6. The course of the crude death rate from pneumonia in Pitts- 
burgh for the 21 years 1900-1920 is given in Table I. and Fig. i. 
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TABLE I (See Fig. i.). 

Crude Death Rate from Pneumonia in Pittsburgh 1900-1920 per 100,000. 


Year. 

Bronchopneumonia 

Lobar and 
Undefined. 

Pneumonia, 
All Forms. 

1900 

19 

144 

163 

I 

35 

141 

176 

2 

35 

184 

219 

3 

32 

165 

197 

4 

36 

142 

178 

5 

34 

156 

190 

6 

54 

124 

178 

7 

83 

106 

189 

8 

109 

133 

242 

9 

112 

142 

254 

10 

139 

186 

325 

II 

98 

III 

209 

12 

108 

156 

264 

13 

118 

170 

288 

14 

104 

141 

245 

15 

100 

150 

250 

16 

107 

232 

339 

17 

103 

262 

365 

18 

195 

696 235* 

893 430’ 

19 

123 

208 

331 

20 

128 

215 

343 


* Mean values of the year 1917 and the year 1919 for lobar. 


The synopsis of Table I. with reference to extreme values, means, 
standard deviations and yearly trends is as follows : ® 

Pneumonia All Forms: Range between 163 in 1900 and 365 in 
1917, (893 in 1918, influenza year). Mean = 256 ± 12, S.D. = 
56 ± 8, Trend = + 10. 

Bronchopneumonia: Range between 19 in 1900 and 195 in 1918 
(influenza year). Mean = 89.2 ±9.6, S.D. = 44, Trend = + 6. 

Pneumonia Lobar and Undefined: Range 106 in 1907 and 262 in 
1917, (696 in 1918) . Mean = 16.7 ± 9., S.D. = 41, Trend — 4. 

Bronchitis: Range between 17 in 1920 and 60 in 1908. Mean = 
35 ±; 2., S.D. 9, Trend = — .8. 

For comparison Fig. 2 ^ gives for the ten original registration 

^ In computation of the mean, trend, and dispersion the influence of the 
very high data for pneumonia in the influenza year (1918) has been eliminated 
by using instead of the reported value for 1918 the mean value of the years 
1917 and 1919. 

* The figures throughout this article are on semi-log or ratio paper with 
the logarithmic scale vertical. This not only enables us to put into a graph 
19 
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States of 1900 the course of the diseases shown in Fig. i for Pitts- 
burgh. In both the exceptional conditions of the year 1918 disturb 
the course of the graphs; but it is clear at a glance that, whereas in 



Fig. I. Specific death .rate from Pneumonia and Bronchitis m Pittsburgh, Pa., 
during the period looo-igao. 

Pittsburgh pneumonia, all forms, starts at about the same figure as, 
or a trifle lower than, that for the ten states, the curve for Pittsburgh 
climbs at a fairly steady rate to around 350, about doubling in 20 
years, whereas for the ten states there is a slight tendency toward 
reduction. The calculated trend for Pittsburgh was 10 per hun- 
dred thousand per annum while that for the ten states is — 0.4.'' 
It is not only the present high mortality from pneumonia in Pitts- 

great ranges of rates, as from 10 to 1,000, but shows at a glance the relative 
magnitudes of the variations and trends, for the variations from 900 to 1,000 
and from 90 to 100 are pictured as of the same amount. 

® A brief discussion of variation of pneumonia mortality in the ten original 
registration states of 1900 during the period 1900-1920 is given by us in Proc. 
Nat. Acad. Sci., tVashmgton, Vol. 10, May, 1924, pp. 161-166. 
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burgh which is anomalous, but the steady increase during 21 years 
from a figure about normal, while in most places whatever progres- 
sive tendency there has been seems to have been toward slightly 
lower figures. 



Fig. 2. Specific death rate from some respiratory diseases in the Ten 
Original Regi.stration States, during the period 1900-1920. 


y. Although the crude rates give a general idea of the sweep of 
the mortalitv in time, the different age distributions of different popu- 
lations make it desirable to analyze the figures specifically by age. 
The figures for 1900, 1910, 1920 are taken from the U. S, Census ; 
the intercensal years are figured by arithmetic interpolation. 

Figure 4 gives for the ten original registration states graphs 
similar to those in Fig. 3 for Pittsburgh. 
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Distribution of the Population in Pittsburgh by Age.'’ 


Age 1900. lyio. 1920. 

Group. Pop. Te Pop- % Pop- 

(o-l 11,152 2.5 12.578 2.4 12,018 2.0) 

0-4 50,922 1 1.3 57,788 10.8 62,006 10.3 

5-9 47,681 10.6 48,803 9-2 57,764 9-8 

10-19 83,955 18.6 97,195 I8-2 100,791 17. 1 

20-29 99,180 22.0 114,916 4.5 I 1 1.423 IS.9 

30-39 75,493 16.7 91,504 17-I 100.429 17. 1 

40-49 47,141 10.5 61,316 II. 5 74-624 12.7 

50-59 27,260 6.1 35.166 6,6 46.410 7-9 

60-69 13,407 3-0 17-949 3-4 23,622 4.0 

70-up 6,045 1.3 7,601 1.4 10,693 1.8 

(unknown 428 o.i 1,853 0.3 581 o.i) 

Total 451,512 533-905 588,343 



1900 1905 m m m 


Fig. 3. Age specific death rate from Pcnumonia (all forms) in Pittsburgh, 
Pa., during the period 1900-1920. 

« It is noticeable that the population of Pittsburgh is growing older, the 
percentages in the distribution decreasing below and increasing above an age 
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Fig. 4. Age specific death rate from Pneumonia (all forms) in the Ten 
Original Registration States, during the period IQ00-1920. 


Note. In the tables for the specific death rates the numbers are carried 
to one decimal place as is often the case; but the number of significant figures 
is variable. If .V is the population and n the number of deaths, the rate p is 
n/N. The fluctuation of sampling for the number n is v'(Npq) where 
q — i — p is approximately i, so that approximately the fluctuation is 
y{Kp)~\'n. The fluctuation in the rate is V {pq/N), approximately 
Vi/’/A’). As the rate p is given in hundreds of thousands, the population 
should be measured in hundreds of thousands. Thus in 1900 the population 
of age 0-4 is 51.OOO and .V = 1/2 in hundreds of thousands; the fluctuation in 
p expressed as 649.6 per hundred thousand is V 1650/0.5) = V 1,300= 36. We 
should therefore write 650 + 36. In like manner in the group 70-up in 1900 
we find A' = .06 and the fluctuation is V (993/.06) = V 16.200 = 127 and the 
rate should be written 993 + 127. On the other hand for the group 20-29 in 
1900, N= .99 and V (64.5/.99) = \'6s.i =8.1 and the rate is 645 + 8.1. Thus 

of about 40 years. Various refinements could have been applied in estimat- 
ing the population in the different age groups in intercensal years in place of 
the crude method of arithmetic interpolation, but they seemed hardly worth 
while. 
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TABLE 11 . 

Age Specific Death R.\te per 100,000 Poplxation" in' Pittsburgh, 1900-1920. 
A. Pneuynonia, All Forms. (Fig. 3,) 


Ages 


1900. 

1901. 

1902. 

1903. 

1904. 

1903. 

1906. 

0-4 . . 


. 649.6 

657.0 

817.0 

758.0 

697-4 

735.0 

674.0 

5-9 • 


27.3 

54.4 

58-4 

51.9 

43-7 

37 -3 

4 o-v) 

ia-19. . 


27.4 

38.7 

42.6 

36.4 

3 I.I 

25.4 

37-0 

20-29 • • • 


64-5 

53 -S 

89.9 

So. 8 

68,2 

72.0 

68.2 

30-39 • ■ . 


.... 83.4 

N4.2 

113.1 

10S.7 

89.3 

121.2 

III. 7 

40-49 ■ 


114.4 

164 4 

228.0 

166.7 

130.7 

145.4 

156.8 

50-59 ■ 


. . . 231.0 

254.1 

256.8 

245.9 

233-0 

215.0 

267.4 

60-69. 


499-8 

442-2 

607.9 

597-0 

427.1 

511.3 

459.0 

70 up . . . 


- - . 993-2 

1308.0 

1091. 5 

858.0 

1336.0 

1157. 5 

959-0 



1907. 

190S. 

1909. 

1910. 

I 9 II* 

1912. 

1913- 

0-4 . . 


695.0 

S83.0 

724.0 

1056.0 

707.0 

7S3.0 

855.0 

5-9 • ■ 


41.2 

74.0 

47-3 

65.4 

42.3 

55-6 

75-7 

10-19. ■ 


33 -- 

39.2 

43-8 

38.0 

19.8 

36.8 

30.5 

20-29. . 


.... 74-2 

67.7 

87.3 

106.3 

61.0 

76.3 

99-9 

30-39 • • • 


. & 7.8 

104.2 

160.5 

197.6 

127.3 

135.0 

183.5 

40-49 . . . 


120.0 

232-5 

235.8 

280.6 

165.6 

257.0 

279.7 

50-59 


.... 267.4 

327*5 

449.0 

542.0 

353.4 

412.2 

473.2 

60-69 


520.0 

827.0 

957.0 

1042.0 

614.0 

1002.0 

897.2 

70 up 


1275-0 

1687.0 

2090.0 

2580.0 

1777.0 

2500.0 

2074.0 



19x4- 

19x5* 

1916. 

1917. 

I91S. 

19x9. 

1920. 

0-4 . . 


735*5 

693.0 

7II.O 

8I4.0 

15290 

794-0 

799.0 

5-9 ■ • 


. . 66.8 

39.5 

57*2 

41.7 

286.5 

63.3 

70,9 

10-19 ■ 


32.8 

39-5 

37 -2 

54-1 

308.0 

70.9 

59.5 

20-29 . . 


■ ■ • 54*5 

72.5 

1303 

160.4 

933.2 

194.2 

164,9 

30-39 • 


. . 134.7 

131.6 

220.7 

309.8 

1 136.0 

263.2 

262.7 

40-49 


219.0 

226.5 

414.0 

410.6 

890.0 

327-0 

333.7 

50-59 


— 447.0 

470.0 

630.0 

682.9 

905.0 

452.0 

489.C 

5 o- 6 g 


. . 800.0 

812.0 

1 198.0 

949.0 

1320.0 

808.0 

978.0 

70 up . 


2006.0 

2132.0 

2580.0 

2467.0 

2190.0 

2126.0 

2396.0 


although the rates 2,126.0 and 2.396.0 for 1919 and 1920 in the age group 70- 
up look very different each is subject to a standard deviation of sampling of 
about 145, their difference 270 is subject to a fluctuation of about 200 and 
possesses no very great statistical significance. It would be more rational and 
more convenient to suppress the non-significant figures and round the num- 
bers off, but as this procedure is not widespread in vital statistics we leave the 
figures as they stand. It should be remembered that few of the rates are 
good to 5 per cent, and many of them are not good to 10 per cent. Calcula- 
tions such as these can safely be made with a 20-inch slide rule or even with a 
lo-inch rule and many of them throughout this paper have been so made. 
So much for fluctuations of simple sampling. The figures of the local 
authorities and of the federal authorities differ one from another, sometimes 
markedly, and even the federal figures printed in one and the same volume 
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Fig. 5. Age specific death rate from Broncho-pneumonia in Pittsburgh, Pa., 
during the period 1900-1920. 

will differ— the crude death rate from pneumonia, all forms, in Pitts- 
burgh in 1920 is given in “ U. S. Mortality Rates, 1910-1920.” as 342.8 on pp. 
19, no, 586 and as 341-3 00 PP- 108' 287. 

III. Discussion of the Trend. 

8. From the figures for the age specific death rates per hundred 
thousand the yearly trend for the period 1900-1920 has been com- 
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TABLE 11. (continued). 


B. Bronchopneumonia. (Fig. 5 .) 


Age Group. 

igoo. 

1901. 

1902. 

1903. 

1904- 

1905. 

1906. 

0-5 

131-6 

19S.0 

224.0 

204.0 

238.4 

234.0 

330.0 

5-9 

6.3 

8-4 

10.4 

10.4 

8.3 

4-1 

8.3 

10-19 

0 

1.2 

4.6 

3-4 

3-4 

1. 1 

4.4 

20-29 

I.O 

2.8 

6.9 

4-8 

2.8 

3-8 

9-2 

30-39 

2.7 

7-7 

5-1 

3*7 

6.1 

7-2 

II.7 

40-49 

6.4 

14-4 

12.0 

7-7 

5-7 

7-4 

19.8 

50-59 

1 1 .0 

32.1 

13-8 

16.9 

23.0 

22.4 

25.0 

60-69 

29.8 

65.2 

41.9 

61.0 

59-1 

51-3 

137-0 

70 on 

66.2 

323-0 

141-5 

q 

00 

180.0 

102.5 

286.0 


igo7. 

1908. 

1909. 

1910. 

1911. 

1912. 

I 9 I 3 - 

0-5 

485-0 

649.0 

586.0 

797-0 

575-0 

590.0 

663.0 

5-9 

18.6 

35-0 

26.7 

45-0 

32.2 

17-8 

44.7 

10-19 

4-3 

6.4 

8.3 

8.2 

4-1 

9-2 

4-1 

20-29 

12.6 

lO.O 

8.9 

9-7 

7.0 

8.8 

7.9 

30-39 

18.6 

14-7 

28.9 

29.6 

16.3 

15-0 

- 5-5 

40-49 

28.0 

32.5 

36.8 

32.6 

25-6 

25.0 

59-7 

50-59 

73-4 

92.5 

93-0 

II4.0 

99-4 

72.2 

109.2 

60-69 

176.0 

282.0 

372.0 

290.0 

204.0 

299.0 

249.2 

70 on 


755-0 

1030.0 

1 190.0 

757-0 

1260.0 

704.0 


1914* 

1915- 

1916. 

1917. 

rgi 8 . 

19X9- 

1920. 

0-5 

572-5 

504.0 

500.0 

520.0 

888.0 

520.0 

556.0 

5-9 

42.0 

22.6 

16.6 

14-5 

80.5 

19-3 

32.9 

10-19 

3-4 

7-1 

3-0 

6.0 

34-0 

13-9 

9.0 

20-29 

4-5 

12.5 

14-3 

13-4 

98.2 

34-2 

25.9 

30-39 

---- 15-7 

15.6 

18.7 

34-8 

126.0 

43-2 

49-7 

40-49 

39-0 

26.5 

39-0 

32.6 

103.0 

64.0 

65.7 

50-59 

91.0 

102.0 

I 14.0 

85-9 

138.0 

108.0 

127.0 

60-69 

277.0 

200.0 

334-0 

269.0 

280.0 

303.0 

313-0 

70 on 

816.0 

1060.0 

1080.0 

922.0 

760.0 

1156.0 

1096.0 


^ puted (Table III.), in most cases both with the abnormal influenza 
year and without it. The trends with 1918 excluded are probably 
more significant. It is noticeable that bronchopneumonia and pneu- 
monia, all forms,“ are increasing at all ages and that lobar and unde- 
fined pneumonia is increasing in all age groups other than infancy 
and 0-4. It should be emphasized that these figures have naturally 
to do only with the reported statistics and not necessarily with actual 
pneumonia. As the rates in the different age groups differ so much 
it is illuminating to compare the rate of yearly increase with the mean. 

® Compare with Fig. 4 which shows that for the ten original registrative 
states the pneumonia mortality is sensibly stationary in all age groups. 
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TABLE II. {continued) . 

C. Lobar and Undefined Pneumonia. (Fig. 6.) 


Age Group. 

1900- 

1901. 

1902. 

1903. 

1904. 

1905. 

1906. 

0-5 

518.0 

459-0 

593-0 

554.0 

459-0 

501.0 

344.0 

5-9 

21.0 

46.0 

48.0 

41-5 

35-4 

33.2 

35 — 

10-19 

27.4 

37-5 

38.0 

33-0 

27-7 

24.3 

32.6 

20-29 

63.5 

51.0 

S3.0 

76.0 

65-4 

68.2 

59-0 

30-39 

80.7 

76.5 

108.0 

105.0 

83.2 

II4.O 

100.0 

40-49 

108.0 

150.0 

216.0 

159-0 

125.0 

138.0 

137-0 

50-59 

220.0 

222.0 

243.0 

229.0 

210.0 

235-0 

190.0 

60-69 

470.0 

377-0 

566.0 

536.0 

368.0 

460.0 

322.0 

70 on 

927-0 

985.0 

950.0 

720.0 

1156.0 

1055.0 

673.0 


1907. 

190S. 

1909. 

1910. 

IQII. 

1912. 

1913. 

0-5 

210.0 

234.0 

138.0 

259-0 

132.0 

193.0 

192.0 

5-9 

22.6 

39-0 

20.6 

20.4 

lO.I 

17.8 

31.0 

10-19 

28.9 

32.8 

35-5 

29.8 

15-7 

27.6 

26.4 

20-29 

61.6 

57*7 

78.4 

96.6 

54-0 

67.5 

92.0 

30-39 

69.2 

89-5 

121.6 

168.0 

III.O 

120.0 

158.0 

40-49 

92.0 

200.0 

199.0 

248.0 

140.0 

232.0 

220.0 

50-59 

194-0 

235-0 

356.0 

428.0 

254-0 

340.0 

364.0 

60-69 

344-0 

545-0 

585.0 

752.0 

410.0 

703.0 

648.0 

70 on 

742-0 

932-0 

1060.0 

1390.0 

1020.0 

1240.0 

1370.0 


1914. 

1015. 

1916. 

1917. 

1918. 

1919. 

1920. 

0-5 

165.0 

189.0 

21 1. 0 

294.0 

641.0 

274.0 

243-0 

5-9 

bo 

16.9 

40.6 

27.2 

206.0 

44.0 

38.0 

10-19 

. . . . 29.4 

32.4 

34.2 

48.1 

274.0 

57.0 

50.5 

20-29 

50-0 

60.0 

116.0 

147.0 

S35-0 

160.0 

139.0 

30-39 

II9.0 

116.0 

202.0 

- 75-0 

1030.0 

220.0 

213.0 

40-49 

iSo.o 

200.0 

375-0 

378.0 

787.0 

263.0 

268.0 

50-59 

356-0 

368.0 

516.0 

597-0 

767.0 

344.0 

362.0 

60-69 

523-0 

612.0 

864.0 

680.0 

1040.0 

505.0 

665.0 

70 on 

1 190.0 

1072.0 

1500.0 

1 545-0 

1430.0 

970.0 

1300.0 


This table shows that the rate of increase of the pneumonia 
mortality is greatest in just those ages 20-50 which are economically 
the most important with respect to labor and that the rate of in- 
crease averages over 5.3 per cent, per annum for the whole period 
20-60. 

With reference to the calculation it should he observed that although 
the rates are given on the graphs on a logarithmic scale and that trend lines 
on such graphs represent a geometrical law of increase, the trends calculated 
have been computed from the rates themselves and not from their logarithms 
and are thus above the true geometric rates. A geometric rate of 1.05 per 
annum, as may be seen from interest tables, carries §1.00 to $2.65 after 20 
periods and corresponds to a mean arithmetic rate of 8 per cent, based on the in- 
itial principal but to about S per cent, based on the mean principal. Conversely 
an arithmetic rate of 5.5 per cent, per annum, from 1900 to 1920 carries lOO 
in 1900 to 210 in 1920, a result which would be accomplished by a geometric 
rate of 3.8 per cent. 
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TABLE II 

( continued ). 



D . 

Pneumonia in 

Infancy . (Fig. 7.) 





Lobar or Undefined 

Pneumonia 

Year. 

Broncliopneumonia . 

Pneumonia. 

All Forms. 

1900 . . 


... 279 

1160 

1439 

1901 . . . 


■ . 529 

1220 

1749 

1902. , 


.. 627 

1460 

2087 

1903 . 


. . . 582 

14,50 

2032 

1904, . . 


. . 700 

1300 

2000 

1905 


. . 585 

1170 

1755 

1906. . . . 


.. 842 

S30 

1672 

1907 . . . 


. . . 1300 

503 

1803 

1908 


■ 1490 

325 

2015 

1909. . . 


. . . 1590 

321 

I9II 

1910 


. . . 2020 

494 

2514 

1911 . . . . 


. . .1550 

296 

1846 

1912 


. . 1510 

572 

2032 

1913 


. ..1630 

378 

2008 

1914 — 


.... i8oo 

437 

2237 

1915 — 


. . . 1610 

378 

2188 

1916 


■ 1430 

572 

2002 

1917 


• • • .1750 

722 

2472 

1918 


. .2090 

1260 

3350 

1919,.. . 


. . 1710 

697 

2407 

1920 . . . . 


. . • 1715 

615 

2330 

Mean 


. . .1301.8 

779-04 

2088.0 

Yearly increase . 

• + 77-73 

decrease —35.68 

increase -1- 42.05 



TABLE III. 


Yearly Trend 

OF Pneumonia Death Rate in Different Age Groups, 



1900-1920. 





Lobar and 

Pneumonia, 

Age Group. 

Bronchopneumonia . 

Undefined. 

All Forms. 

0-4 

4-24.6 

+ 2 I. 8 » 

-12.7 -16.4^ 

+11-9 + 5-4’ 

5-9 

- + 1.7 

+ I.I 

+ 1.6 — 0,2 

+ 3-3 + 0.9 

10-19 

.+ 0.5 

+ 0.3 

+ 3.1 + 0.8 

+ 3 -b + 1-3 

20-29 

+ 1.8 

+ 1-7 

+11. 1 -f 4.0 

-1-12.9 4 - 5.7 

30-39 ■ • 

4- 2.7 

+ I.s 

+ ' 5-9 + 7-8 

4-18.6 + 9.6 

40-49 

3-1 

-r 3-7 

+ 14.4 + 9.5 

+ 17-5 +13-2 

50-59 

+ 5-9 

8 

+ 16.0 -fl2.9 

-1-21.9 4-18.8 

60-69 

+ 12.7 

S 

+ 16.1 4-11.5 

4-28.8 4-27.6 

70 Up 

■+ 54-2 

+ 57-3 

+25.8 8 

4-80.0 4-83.1 

o-i 

- -f 77-7 


-35-7 

+42 0 

" Values of 

the yearly trend, when the influence of the year 1918 (influ- 

enza epidemic) 

has been eliminated 

(instead of the real numerical values of 

the specific death rate 

in 1918 the mean specific death rate 

of the years 1917 


and 1919 has been taken). 

s Not affected by the year 1918. 
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Fig. 6. Age specific death rate from Lobar and Undefined Penumonia in 
Pittsburgh, Pa , during the period 1900-1920. 

TABLE IV. 

Yearly Inxrease Compared with the Mean, 1900-1920. 


Age Group. Mean. Trend. Trend : Mean. 

0-4 768 5.4 0.7^0 

5-9 52 0.9 1.8 Ve 

10-19 40 1.3 3 - 3 % 

20-29 96 5-7 5 - 9 % 

30-39 158 9.6 6.0% 

40-49 237 13.2 5.6% 

50-59 395 18.8 4.8% 

60-69. 813 27.6 3.4% 

70 up . . . . 1803 83.1 4.6% 


Although the average trend has been calculated for the 21 years 
with adjustment for 1918 the curves do not show a close adherence to 
this trend. If we take the first third of the period, 1900-1906, and 
judge by the eye, we should infer that the death rate from pneumonia 
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Fig. 7 Specific death rate from Pneumonia in Infancy in Pittsburgh, Pa., 
during the period looo-ipjo. 


all forms for these seven years tended to decline in most of the age 
groups. A calculation shows that the trends are 

0-4 5-9 10-19 20-2g 30-39 40-49 50-59 00-69 70 up 

-I -4 ■“•4 “t“ .9 “r4-^ ^ o —6 —6 

4 - 0 . 5 % o — 1 % +i- 3 'o + 4 - 7 % o o — 1 . 2 % — 0 . 5 % 

In view of the short period, the trends are not well established 
statistically but the only percentages that approach those for the whole 
period are for the age groups 0-4 and 30-39 ; in all other age groups 
except 20-29 the trend is zero or negative. The disturbance of the 
influenza epidemic makes it difficult to treat separately the last part 
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of the period ; but a comparison of the means for 1900-1906 (central 
year 1903) and for 1910-1916 (central year 1913) is interesting. 


0-4 5-9 lO-IO 20-29 30-39 40-49 50-59 60-69 70 Up 

1903. .. .713 .15 34 71 102 15S 243 506 1100 

1913 791 55 34 86 162 263 475 909 2236 

Inc 78 10 o 15 60 105 232 403 1136 

Mean 752 50 34 78 132 210 359 707 1668 

Trend i.o 2.0 o 5.2 4.5 5.0 6.4 5.7 6.8 

Cf 0.7 1.8 3.3 5.9 6.0 5.6 4.8 3.4 4.6 


In the age group 70-up the increase was rapid between 1906 and 
1910, before and after which the rate was nearly constant. In the 
groups 60-69, 50-59. and 0-4 much the same holds true. In all 
four of these groups the trend estimated from the two seven-year 
periods 1900-1906 and 1910-1916 was markedly larger than when 
calculated for the whole period 1900-1920. In the age groups 5-9, 
20-29, 40-49 the roughly estimated and the calculated trends are 
practically the same. In the groups 10-19 ^-od 30-39 the trend is 
largely due to the rapid increase of the death rate in the last few 
years. We have as yet been unable to decide upon any rational ex- 
planation of these differences between the course of the mortality 
between the different groups. Some of the differences may be acci- 
dental, some of them probably are real and significant. At any rate 
there has been for all groups a considerable average increase in 
mortality from pneumonia all forms with a particularly sharp in- 
crease in the old ages 50 and up between 1906 and 1910, acting as 
though the mortality for these ages were moving from a lower to a 
higher level. 

9. A comparison between Boston and Pittsburgh is interesting — 
one a seaboard, the other a mountain valley city, both damp and cold, 
not dissimilar in size. The population of Boston is older, i.e., the 
percentage of the population in the different age groups below 40 is 
less than in Pittsburgh and in the groups above 40 greater. The 
figures for pneumonia all forms 1910-1920 with means and trend, 
and the age specific death rates for 1920 are given : 

It is noteworthy that the pneumonia mortality in Boston appears 
to be decreasing while that in Pittsburgh increases. The rates of 
trend are — i . i per cent, and 3.3 per cent, relative to their means. 
The mortality rates are crude, but the effect is so pronounced with a 
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5, 1910-20. 

Age 

Specific Rates for 1920. 

Year. 

Boston. 

Pittsburgh. 

Age. 

Boston, 

Pittsburgh. 

1910 . . 

. . 214 

324 

O-I 

2473 

2338 

II . 

. . 210 

208 

1-4 ■ 

361 

451 

12. . . 

. 206 

263 

0-4 

774 

816 

13. ■ 

. 200 

2S7 

5-9 

43 

71 

14. . 

. 196 

244 

10-14 

21 

O'* 

- 1 

15. . . 

. . 210 

249 

15-19- 

3 - 

96 

16. . 

220 

337 

20-24. . 

70 

143 

17. . 

223 

3^4 

25-34. 

90 

20S 

iS. . 

192^' 

34 ''^'“ 

35 - 44 - 

• 115 

292 

19 • 

. . 162 

331 

45-54 

■ • 154 

386 

1920 

. . . 19S 

341 

55-64 

203 

737 

Mean . 

. .203 

300 

65-74 ■ • 

682 

1457 

Trend . 

— 2.2 

-r 9.8 

75 up. . 

•1550 

28S6 


* Mean of 1917 and 1919. 


differential rale of 12 per hundred thousand per annum that no ad- 
justment for population would materially change the divergence. 
The adjustment of the Boston and Pittsburgh figures for 1900 and 
for 1920 to the English standard million gives for Boston in 1910. 
227 and 206 in 1920; for Pittsburgh in 1910. 365 and 359 in 1920. 
It is also noteworthy that in the age groups the rates for infants are 
the only ones which show Boston in the lead (the difference being 
barely significant statistically) ; in all other groups Pittsburgh leads 
and leads enormously in the older groups, — from age 15 on the rates 
for Pittsburgh are more than double Boston's until the final group 
which contains relatively few deaths. 

IV. Suggested Re-asons for Pittsburgh’s High Rate. 

10. Many and divers are the suggestions that have been made to 
explain the high pneumonia rate in Pittsburgh. ( i ) The differential 
mortality of race stocks may contribute. Dr. L. I. Dublin, analyzes 
in Quart. Piibl. Aiiier. Statist. Assoc., Alarch, 1920, the mortality of 
race stocks in Pennsylvania and New York based on data for 1910. 
He finds for the 1910 death rate for persons over 10 years of age 
This result shows that the foreign born and the natives born of 
foreign or mixed parentage have decidedly higher adjusted death 
rates, say 40 per cent, higher. The crude rates show the same sort 
of increase in mortality in the case of foreign born, but owing to the 
more favorable age distribution among the natives of foreign or 
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Crude Death Rate. Standardized Rate.*^ 



Pennsylvania. 

N. York 

Pennsylvania. 

X. York. 

Native white, 

M 

F. 

M. 

F. 

M. 

F. 

M. 

F. 

natwe parents 

Native foreign or mixed 

.11.5 

10.9 

13.8 12.4 

12.8 

12.3 

13-8 

12.4 

parents 

. 12.6 

lO.O 

13 -^ 

9-7 

m.s 

16.3 

19-5 

15-5 

Foreign born white 

. 16.5 

16.9 

17.5 16.6 

17-5 

16.0 

17.3 16.2 


The standardization is made against the New York distribution of native 
white born of native parents, 1910 figures, over 10 years of age. 


mixed parentage the standardization is necessary to bring out the in- 
crease in their case. 

The percentage of foreign born in 1910 and 1920 respectively 
for Boston was 36.3 and 32.4; for Pittsburgh 26.4 and 20.5. If 
therefore the foreign born, not further subdivided, were to be an 
explanation of the high pneumonia rate, the effect should be more 
noticeable in Boston than in Pittsburgh. If the foreign born had a 
rate 40 per cent, higher than the natives of native parentage an ad- 
mixture of 1/3 or 1/4 or 1/5 of them would increase the general 
rate only 13 per cent, or 10 per cent, or 8 per cent, respectively. Dr. 
Dublin also gives the rates in some age groupings for some nationali- 
ties for pneumonia all forms and for certain other diseases. 

Pexxsylvaxi.a. Pxeumoni.\ Rates 1910, M.\les, .after Dublix. 


Foreign Bom. 



Native 

White. 

Pitts- 

burgh.=^ 

Boston.-^ 

Austria 

Hungary. 

Russia. 

Germany. 

Ireland. 

Italy. 

Und. 10 . 

412. 1 

450 

420 

193-3 

13S.8 

74.0 

122.4 

198. 8 

10-14 

- - • 14-9 

27 

21 


16.6 



92.2 

15-19- - 

- - 27-9 

96 

32 

61.6 

49-7 

45-4 


130.2 

20-24 . 

. . . 26.6 

145 

70 

53*3 

27.9 

42-3 

59-3 

no. I 

25-44- - 

. . . 67.0 

250 

100 

70.6 

673 

112.5 

94-7 

92. s 

-15-64 

. . 166.0 

490 

175 

260.4 

237-2 

269.1 

343-5 

348.S 

65—84 . . 

. . .498.2 

1700 

900 

485-4 

5-0.4 

917.2 

758-9 

722.0 

Al! 

- - 175-5 

341 

198 

90.9 

84-2 

293-4 

530 

135-4 


* Pittsburgh, 1920, estimated for this age distribution; the figures for 1910 
were higher. Boston, 1920, estimated; the figures for 1910 were higher. 


Now in Boston the Irish make about 30 per cent, of the foreign born, 
the Russians and Italians about 15 per cent. each. Austria-Hungarians 
and Germans only about 5 per cent, together. In Pittsburgh the 
Irish are about 15 per cent, of the foreign born, the Germans and 
Austria-Hungarians about 20 per cent, each, the Russians and Italians 
about 10 per cent. each. Recalling that the foreign born are nearly 
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half again as numerous relatively in Boston as in Pittsburgh, it is 
difficult to see how Dr. Dublin’s figures can help us toward the con- 
clusion that the high rate in Pittsburgh can be due in any large meas- 
ure (as compared with Boston, for example) to the extra mortality 
of pneumonia among the foreign born; there is probably an appreci- 
able effect of this influence in raising the pneumonia mortality in 
both cities, but how great can hardly be determined until better fig- 
ures are available.^^ 

The situation with respect to negro mortality from pneumonia is 
interesting. For the ii years 1910-1920 inclusive the rate in Boston 
for negroes averaged 340 as against 200 for whites and there was an 
increase of 3.0 per annum for the former as against a decrease of 
2.5 per annum for the latter. The total effect upon the figures for 
Boston was not great because the negro population was only about 
2.2 per cent, during the whole time. In Pittsburgh the rate for 
whites during this period was 285 and for negroes 510. The in- 
crease for whites was 8 per annum and for negroes was 33 per 
annum. This makes a considerable difference because the negro 
population was larger than in Boston and was in fact increasing 
from about 5 per cent, in 1910 to 6)4 per cent, in 1920. During the 
same decade while the total pneumonia rate in Chicago was dropping 
sharply the rate for negroes was rising .slightly. It appears therefore 
that in Boston and Chicago during this period the trend of the pneu- 
monia death rate for negroes was opposite that for whites and that 
in Pittsburgh although the rate for whites rose, that for negroes rose 
very much faster. It appears, therefore, that of the total rise in the 
Pittsburgh rate from 1910-1920 about 20 points was due to the high 
and rapidl}^ increasing mortality rate from pneumonia for negroes. 
This represents about 20 per cent, of the total increase. We are at 
a loss to explain these figures. Several suggestions could be made 
and we feel confident that a critical analysis of the situation relative 
to the negro mortality might go a long way toward explaining Pitts- 
burgh’s anomalous situation which respect to total pneumonia mor- 
tality. Of the excess of Pittsburgh's average rate over Boston about 

We must bear in mind that we have to explain the increase in Pitts- 
burgh from normal figures in 1900 to abnormal figures in 1920 ; the changes 
in population in this period have not been such as to make any marked effect. 
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10 per cent, is attributable to the difference in percentage of negro 
population. 

II. (2) The sex distribution in Pittsburgh is favorable to a high 
mortality rate from pneumonia owing to the greater mortality in 
males than females. We have not analyzed the Pittsburgh figures 
by sex any more than we have by race, because we had no desire to 
overburden with requests for statistical material the very obliging 
Health Department of the City of Pittsburgh; a simple hypothetical 
calculation will show the order a magnitude of the effect due to sex 
distribution. Let r be the male rate, ^ the female rate, p and q the 
fractions of the population which are male and female respectively. 
Then the total rate is R — pr qs. If we change p to p x and q 
to q- — -x the rate R changes to i? + x(r - — ^). Now it is generally 
believed that the rate for males runs about 25 per cent, higher than 
for females. For e.xample r = 200. s= 160 and R— 180 ii p~q 
are fair comparative figures. In general r — ^ is some fraction not 
far from i,''4 of R. A shift from 48 per cent, males to 52 per cent, 
males in the distribution of population makes .r = .04 and changes R 
by I per cent. Such changes are entirely masked by so many other 
variables that it would take an elaborate study to detect them. It is 
fair to conclude that unless the mortality in pneumonia in Pittsburgh 
is different in the two sexes to a degree far greater than usual, and 
in fact to an unbelievable degree, the se.x distribution of itself would 
not materially affect or explain the excess. Taking race and sex 
distribution together it would be difficult to find a 20 per cent, dis- 
advantage in Pittsburgh as compared with Boston whereas the mean 
difference 1910-1920 was 50 per cent, and the trends were opposite 
and were producing a divergence at the rate of between 4 and 5 per 
cent, per annum, while the progressive changes in sex and race dis- 
tribution in the two cities showed no marked differences in trend. 

The U. S. IMortality Rates 1910-1920 gives the sex rates in age 
groups for pneumonia, all forms. A few figures may illuminate this 
discussion. 

It is seen that the se.x ratio M. F. for pneumonia mortality in 
Pittsburgh in 1920 exceeded that in Philadelphia (and it is true that 
it exceeded normal ) but was not markedly higher. The number of 
cases in the groups are small but the ratios in the hard working ages 


20 



300 TOMAXEK AXD WILSOX— 



Pittsburgh loio. 

Pittsburgh 

1920. 

Philadelphia. 

ig20. 


M. 

F. 

M. F. 

M. 

F . 

M.'F. 

M. 

F. 

M. F 

o-i . 

2960 

2040 

1-45 

2645 

2027 

1.30 

2214 

1713 

I 29 

1-4 • 

694 

651 

1.07 

533 

367 

1.4b 

392 

302 

1.30 

0-4 . 

1 191 

950 

1.25 

946 

6S7 

1.38 

754 

584 

1.29 

S ~9 • 

- ■ 85 

46 

1.8 

82 

60 

1.4 

48 

44 

1. 1 

10-14 

30 

13 

2.3 

38 

15 

2 5 

32 

21 

I 5 

15-19 

85 

23 

3.6 

117 

76 

1-5 

42 

60 

0.7 

20-24 

121 

49 

2.5 

* i - 

II7 

1.5 

94 

79 

1.2 

25-34 

211 

93 

2.3 

245 

170 

1-4 

136 

134 

I.O 

35-44 

302 

122 

2.5 

348 

231 

1-5 

147 

I IS 

1.2 

45-54 

. 494 

196 

2.5 

426 

339 

1.3 

169 

I3I 

1-3 

55-64 

1048 

569 

1.8 

936 

537 

1-7 

318 

219 

1*5 

65-74 ■ • 

, .1762 

12S5 

1-4 

1651 

1291 

1.3 

620 

557 

1. 1 

75 up 

3078 

3346 

0.9 

2770 

2967 

0.9 

1009 

1082 

0.9 

Total . 

391 

-55 

1-53 

393 

292 

1-35 

208 

163 

1-^5 


tend to exceed those for Philadelphia more than in other age groups. 
In 1910 the ratios IM./F. are prodigious and from 20 to 55 are 
markedly higher than for under 10 or over 55. (The 10-14 and 15- 
19 group contains very few cases.) Whatever the effect of sex dis- 
tribution, it should show a decrease from 1910 to 1920. It is thus 
probably not the excess liability of males to death from pneumonia 
per se that is effective. 

12. (3) The long hours of heavy labor and exposure to high 
temperatures have been suggested as causes of high mortality from 
pneumonia in steel workers. Such working conditions are unpleasant 
and make an unpleasant effect upon social welfare surveyors. One 
need not fail of sympathy with the worker while pointing out that 
apparently what look like almost inhuman conditions in industry 
seem often to appeal to our immigrant labor as less undesirable than 
going upon our farms and working the land as they did in their own 
countries. At any rate the question to be determined is whether the 
industrial conditions do or do not materially increase the pneumonia 
death rate, and to what extent. This would require the careful as- 
sembling of statistical material not now at hand. The situation is 
complicated by the fact that when the industry is active there is both 
overwork, large additions to the working force, and steady wages 
even if not at a particularly high level, whereas when the industry is 
dull there is idleness and often not enough earnings to support ex- 
istence. Overwork with pay versus failure to get work or pay make 
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a situation which in the net might make little difference with the 
pneumonia death rate or might influence it relatively in either direc- 
tion. If the industry in Pittsburgh would as a whole for an ex- 
perimental period of one decade take an interest in the health of its 
workers comparable to that taken by the Edison Illuminating Com- 
pany of Boston, The Hood Rubber Company of Watertown (Mass.) 
and a number of scattered industrial concerns throughout the coun- 
try, we might be in a position to make some well-founded statements 
concerning the influence of industrial activity on disease and death. 
Incidentally we believe that such attentions to the health of the 
worker would pay the industry in dollars and cents. But the in- 
vestigation might not be so fruitful in scientific result or in increased 
profit in the case of so irregular an industry as steel as it should be in 
a public utility with a reasonably steady load. 

So far as the secular increase of pneumonia is concerned we 
should have to assume that the industrial conditions were becoming 
during the period 1900-1920 increasingly severe or that a larger 
proportion of the population were becoming involved in the long 
hours of heavy labor with exposure to high temperatures. Further- 
more such an acceleration would have to apply also in the age groups 
70-up. 60-69, 50-59 which are mainly too advanced to be largely 
made up of persons engaged in that sort of work. The effect should 
be particularly marked in the hard labor ages 20-29, 30-39, and these 
groups were so largely affected by the influenza epidemic that infer- 
ences from their course of mortality is difficult. There is a touch of 
suggestion in the figures for the war years 1915—16-17 before the 
epidemic that these two groups (and the group 40-49 to a less ex- 
tent) are being adversely affected as compared with other groups ; 
for the rate of increase of pneumonia mortality in these groups was 
much greater, and even greater than the rapid rise of 1906-1910 in 
the groups 50-59 and 70-up. It is merely a suggestion, but could 
be interpreted as a reflection in the working ages of the forced ac- 

It was during this period that in many places the Taylor and other sys- 
tems of estimating efficiency of laborers with their tendency to stimulate 
speeding up were progressively coming into some vogue ; we have been unable 
to obtain the data that would let us even so much as imply that such methods 
were responsible for any part of the Pittsburgh acceleration of pneumonia 
mortality — if acceleration there, why not elsewhere? 
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tivity due to the war. Another straw blowing down the same wind 
is the larger excess of male as compared with female mortality dur- 
ing these ages in Pittsburgh. (See above.) One real difficulty of 
correlating industrial activity and pneumonia mortality lies in the 
fact that pneumonia and the steel industry do not respect the division 
of time into calendar years. Pneumonia is a winter disease and its 
rise and fall is cut in two by the date January i without being in any 
sense cut in halves. The peak of pneumonia comes in different 
months in different winters ; it is not unusual to have two peaks in 
the same years or to find years with no peaks ; we should have a 
better picture of the yearly situation relative to pneumonia if the 
statistical year were July i— June 30. The general industrial cycle 
based on the figures of the past 40 years seems to run its course in 
about 40 months. Properly to discuss the effect of industry on pneu- 
monia mortality we need monthly figures. 

13. (4) The labor turn-over may well be an item that should be 
influential in the increase of pneumonia. Insofar as this turn-over 
represents mere restlessness of an urban population of wage-earners 
going from one position to another in the same city or metropolitan 
district, the effect would be nil. But if to keep places filled there is 
any great importation of labor from rural districts, of persons previ- 
ously less exposed to city diseases and thus possessing less of acquired 
immunity, there should be expected in this new population an excess 
of such diseases of which pneumonia appears to be one. If a person 
coming to Pittsburgh contracts pneumonia and dies of it, his death 
figures in our statistics. To a certain extent this sort of non-resident 
or temporarily resident death influences the mortality statistics of 
most large cities. The question relative to Pittsburgh is : How great 
is the influence? It is rumored that when industry is active train 
load after train load of laborers, foreign, rural, and negro, are 
brought to Pittsburgh, many of them departing after a short stay. 
Rumor does not afford a good basis for statistical inference, despite 
the many inferences based on little else. 

As we desired to have figures we applied to the Pittsburgh Cham- 
ber of Commerce and to various individuals connected with the in- 
dustry, with no definite result. A foreman estimated that he took 
on too new hands per year to keep too places filled, in a mining dis- 
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trict a superintendent said he hired 5,000 during the year to maintain 
a force of i.ooo, a large operator had to take on 2.000 persons each 
year for each 1,000 permanent positions. Such figures would not be 
extreme if one may take as standards the turn-over rate we have 
found in some industries certainly no more variable than the steel 
industry and offering work and working conditions fully as attrac- 
tive. The figures are not extreme compared with those of Bris- 
senden.^^ The cost of turn-over is variable, but high. The lowest 
average estimate for a considerable plant that has been given us is 
$8 per change and in the same plant another official gave the rate as 
$150 per position. So many considerations enter into the proper 
cost accounting of turn-over that estimates are liable to be wider of 
the mark for the cost than for the turn-over itself. It would be in- 
teresting to have real figures and it is not impossible that they would 
show results not alone of scientific value relative to the health of the 
industrial worker but of cash value to the industry. We are in- 
clined to believe that labor mobility, particularly the immigration of 
foreign, rural, and negro labor with the Pittsburgh district is re- 
sponsible for some of the excess pneumonia mortality there ; but we 
lack any evidence that relatively speaking, the mobility has been in- 
creasing rapidly during the period in question. 

14. (5) The housing conditions described on the basis of the 
survey of 1907-1908^^ as inimical to the public health have been 
greatly improved. There are still, to be sure, over-crowding, inade- 
quate sanitation, cellar dwellings, insufficient water, foul privies, un- 
ventilated sleeping rooms, disorder, and dirt, and one may yet find 
rooms sleeping 6, 8. or 10 lodgers and occupied by two shifts of 
sleepers. Such conditions with close personal contact inevitably in- 
volve great liability to the rapid spread of pneumococcus infection; 
but both the Department of Health and the Industry in Pittsburgh 
have been steadily working to ameliorate the conditions which may 
now be considered comparatively satisfactory. Not much help in 
analyzing the situation can be obtained from general statistics. Both 
in 1910 and 1920 Boston is reported as having 50 per cent, more per- 

Jour. Amor. Statist. Assoc., December, 1923. 

The Pittsburgh District, pp. 87-138, “ The Housing of Pittsburgh’s 
Workers,” Russell Sage Foundation. Xew York, 1914. 
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sons (9.1, 9.4) to a dwelling than Pittsburgh (6.1, 6.3) and both 
cities show an increase of 3 per cent, for the decade in the number 
to a dwelling although with a decrease of 6 per cent, in the number 
of persons ('4.8, 4.5) to a family which is at both times the same in 
Boston and Pittsburgh. It is probable that the acute housing short- 
age which came with the cessation of building during the war is re- 
sponsible for these changes; it is not unlikely that with the elan of 
activity in all lines during the war better housing conditions were like 
many other improvements disregarded. Yet we are not concerned 
with explaining merely the high rate of pneumonia mortality in Pitts- 
burgh but the increasing rate as compared with other cities. Hous- 
ing conditions so far as we have been able to survey them will not 
account for the large differential trend against Pittsburgh. 

15. (6) Smoke and dust are a favored pair on which to blame 
the pneumonia mortality in Pittsburgh. True, some have suggested 
that smokes contain phenol, chlorine, and possibly other mild disin- 
fectants for the respiratory tract; some have tentatively surmised 
that carbonaceous particles were a palliative for the irritation set up 
by silicious dust. But it is difficult to believe that smoke and dust 
regularly inhaled are of a net advantage to the lungs any more than 
they are to a delicate mechanism like a watch ; the cloying and foul- 
ing action must outweigh any incidental cleansing effects. The 
Mellon Institute conducted a smoke investigation and published in 
1914, Bulletin No. 9, Papers on the Influence of Smoke on Health. 
The case against smoke was pretty thoroughly established. A chart 
(p. 158) shows the average pneumonia death rate in 1910 and 1911 
and the average soot fall per month in each of the 27 wards of the 
city. The correlation is very close; a computation of the coefficient 
of correlation from values obtained by reading the chart gives 
r — 0.92. This is not conclusive; there is a good deal of correlation 
between the soot fall and the death rate from tuberculosis and be- 
tween the soot fall and the number of persons per acre (taken as an 
index of poverty). It is possible that the greater part of the cor- 
relation is due to some underlying variable which forces the cogredi- 
ent variation of soot fall and pneumonia mortality. Even if smoke 
were not physically harmful it is undesirable esthetically and there 
must be a strong tendency for the persons best able to provide for 
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themselves to shun the smokiest districts, leaving them to those not 
only poorer but less concerned about hygienic conditions. To treat 
the problem statistically long continued and carefully supervised col- 
lections of data would be necessary. In the final analysis one should 
have to come to partial correlation. 

There has been a great deal of agitation in Pittsburgh against the 
smoke nuisance, which may probably be called also the smoke menace. 
Is it possible that conditions are getting worse rather than better? 
Opinions that we have obtained differ. Observations show that to- 
day the inhabitants of Pittsburgh are much troubled with foreign 
particles in the eyes — a condition which is even written up in a semi- 
humorous fashion in the press. Some say conditions are worse, 
others that they are better. We have tried to get actual data on the 
amount of precipitation of soot and ash. together and individually, 
over a period of years, but without success. Such figures ought to 
be kept and to be available.*’ If an excess of pneumonia mortality 
is due to smoke it is not necessary that the smokiness worsen through- 
out a period of rising mortality; the deleterious effects of the ac- 
cumulation of foreign matter in the lungs may be cumulative and the 
mortality at any age may depend on the average length of time the 
persons of that age have been exposed to smoke.*® That there may 
be such cumulative action is supported by the findings at autopsy by 
Dr. S. R. Haythorne ** not only of the severe anthracosis but of the 
tendency of that anthracosis to prevent or delay the resolution of 
exudates in pneumonia. The suggestion is clear that in the case of 
anthracosed lungs the pneumonia may lead more frequently to fatality 
than in normal lungs and that part of the e.xcess mortality in Pitts- 

Smokiness as reported by the weather observers might or might not be 
of value as an index in a qualitative way of probable conditions in the inhaled 
air; but quantitative measures are needed. In an article entitled Pneumonia 
from a Public Health Point of View, Pittsburgh Medical Bulletin, Vol. 13, Xo. 
42, December 13, 1924, Dr. C. J. Vaux reports findings by the ^lellon Institute, 
August, 1923 to June, 1924, showing that the precipitation of insoluble matter 
from the air is about 40 per cent, greater than during the same months eleven 
years earlier. 

In this case an increasing population in the several age-groups might 
bring either a stationary, a rising, or a falling pneumonia mortality according 
to the law of increase — a condition very difficult to analyze correctly. 

Intern. Assoc. Med. Mus., No. 7, May, 1918. 
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burgh is excess fatality. ^Morbidity statistics are not reliable enough 
to justify a conclusion. 

i6. We have tried to discuss briefly the suggestions that have been 
put forward to account for the excess and the increasing excess of 
mortality from pneumonia in Pittsburgh. It may be worth while to 
pause for a moment and count the cost of this excess. It is fair to 
estimate that in Pittsburgh there are today perhaps 150 and almost 
certainly 100 deaths per hundred thousand population per annum 
over and above what might be considered a reasonable rate (Boston, 
Chicago, and Philadelphia are running under 200 and Pittsburgh 
over 300). A typhoid fever death rate of over 25 is considered as 
indicating a negligent water or milk supply requiring a strenuous 
effort to improve the sanitary conditions, and Pittsburgh’s typhoid 
rate which up to 1907-1908 had run well above 100 is now down 
around 10, The loss of too to 150 extra lives through pneumonia 
is not so striking as the same loss by typhoid (because the loss by 
pneumonia is inevitably large while that by typhoid should be 
small), but it is the same number of lives — some 600 to 1,000 each 
year in Pittsburgh, Considering the many factors involved it is not 
just to attribute all the excess to smoke, but the best evidence that 
we have, which is none too good, is that a considerable fraction of 
the excess is due to this cause, Man has always the problem of so 
improving his environment that he may live and what sanitarians 
have done for our water and milk they can if need be do for our air. 
The weakness of the situation lies precisely in the fact that we have 
not yet relative to the e.xcess mortality from pneumonia anything 
like the hard and fast case against smoke and ash that we have 
against water in the case of typhoid. It is very important that the 
most extensive and critical investigations be carried on in regard to 
all aspects of the pneumonia situation in Pittsburgh before one 
jumps at conclusions which if taken seriously and acted upon with 
determination by sanitarians and public health officials would call for 
the expenditure of a great deal of money. 

In the case of pneumonia we should need the fatalities for the different 
types. If Pittsburgh were becoming a hot bed for the highly fatal Type III., 
much of the excess mortality might be thereby explained. 
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V. The Reli.\bility of Pxeumoxia Data. 

17. Among the items which must be analyzed is the reliability of 
the data for the pneumonia death rate. In the Mellon Institute 
Bulletin No. 9, above cited, White and Shuey (p. 164) have a paper 
in which they quote from a letter to them by Dr. John S. Fulton. 
One extract is worth reproducing as an introduction to our subse- 
quent observations : “ I would expect Chicago to have a higher 
pneumonia rate than Pittsburgh because there is a pneumonia obses- 
sion in the minds of the medical profession of Chicago.” May there 
now be some stampede toward pneumonia in Pittsburgh? The dis- 
ease is hard to diagnose, it occurs as a complication in many diseases 
and is complicated by others. If one is in a city with a high pneu- 
nronia rate one may become somewhat inured to the condition, and 
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report pneumonia in cases of doubt more frequently than is done in 
other places. Also as medical knowledge improves there are trends 
away from certain classifications and tow'ard others. In the ten 
original registration states chronic and acute bronchitis have practi- 
cally disappeared in the period 1900-1920 and bronchopneumonia 
has much increased. -The change is probably due rather to a shift 
in reporting than to a change in the incidence of disease. In 1910 
lobar and undefined pneumonias were divided and the profession re- 
turned 50 per cent, undefined, 50 per cent, lobar, but by 1920, the 
eleventh year after the division, undefined pneumonia had practically 
disappeared whereas lobar pneumonia had increased enough nearly 
to make up for the loss; again a matter of shifting diagnosis. We 



See Fig. 2, and for details our article in Proc. Nat. Acad. Sci., Wash- 
ington, 10, May, 1924, pp. 161-166. 
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have two long range figures for Pittsburgh and some comparisons 
between that city and Boston to offer for what light they may throw 
on this subject. 

Figure 8 (Tables V., VI.) gives the chronological course of the 
crude mortality from (cr) bronchitis, measles, whooping cough, and 
scarlet fever on the one hand and ( b) pneumonia all forms on the 
other, for Pittsburgh 1873 ^ 1922, a full 50 years. It is noticeable 
that group (a) starting around 300 has practically disappeared being 
now below 50. Also group (i>) starting around 125 has risen to 
about 325. Conditions for diseases have changed in Pittsburgh in a 
half century, the age distribution has altered ; but with all allowances 
that can reasonably be made it seems clear to us that changes in re- 
porting must enter. The next figure (9, Table 6) gives a similar 
presentation for (a) diseases of the heart and circulatory system 
increasing from 75 to 175, and of the rather ill-defined group (&) 
nervous diseases decreasing from 300 to 100. It is difficult to see 
how all of this can represent epidemiological changes of a biologic 
nature ; some of it must be due to shift in classification. 

18. Whereas Pittsburgh runs high in pneumonia, Boston is high 
in organic diseases of the heart. The following table represents the 
conditions at advanced ages (means of 1910 and 1920) : 


Age groups 


Organic Diseases 
of the Heart. 
Boston. Pittsburgh. 


Pneumonia. All 
Forms. 

Boston. Pittsburgh, 


The Two Together. 
Boston. Pittsburgh, 


65-74 1758 1132 

75 up 4102 2433 


728 1579 2486 2713 

1642 3007 5744 5440 


It thus appears that if Pittsburgh is higher than Boston by 100 per 
cent, in pneumonia, all forms, in these age groups, Boston outdoes 
Pittsburgh by 60 per cent, in organic heart disease and that taking 
the two together in both age groups there is not much to choose. 
May it not be that Boston inclines to the one, Pittsburgh to the other, 
diagnosis, or is there a marked difference in reality as there is in 
reported causes in the two cities? Far be it from a Bostonian to 
imply that our diagnosis and reporting is better than that in Pitts- 
burgh — particularly in view of the fact that for the five years 1916- 
1920 we have reported proportionately 21/2 times as many deaths 
as due to “ unknown and ill-defined diseases ” as have the Pittsburgh 
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TABLE V. (.Fig. 8.) 

Bronxhitis, Measles, Whoopixg Cough, Scarlet Fever, Specific Death 



R-\te per 

100,000 

PopuL.ATiox, Pittsburgh 

187,3- 

1922. 




Measles, 




Measles, 


Year. 

Bron- Wh. Cough 

Total. 

Year. 

Bron- Wh. Cough 

Total 


chitis. 

Sc. Fever. 



chitis. 

Sc. Fever. 


1873 . . . 

. . 50.7 

189.9 

240.6 

8.. . 

■ 49.2 

85.0 

134.2 

4. . . 

— 90.5 

338.0 

428.5 

9.- 

57 -S 

64.9 

122.7 

5 

■ 59-3 

19S.6 

257.9 

1900 

60.3 

73-4 

133-7 

6 . . . 

■ ■ 56.3 

108.4 

164.7 

I 

- 50.0 

89.7 

139.7 

7 • • • • 

.... 57-2 

186.2 

243-4 


. 58.9 

108.1 

167.0 

8 . . . 

■ • ■ 55-2 

104.2 

159.4 

3 * • • • 

. 41.2 

93.5 
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209.5 
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31.9 

50.4 
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81.8 
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52.4 

81.7 
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83.8 

83.1 
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16 . . . 

. 26.2 

43-4 

69.6 

2 

. . . 67.1 

75-3 

142.4 

17 

. 27.1 

23.6 

50.7 

3 - • ' 

. . , 74.6 

199.2 

273.8 

18 ... 

35*7 

40.8 

76.5 

4 . . . 

■ - . 5^-5 

122. 1 

180.6 

19 

• 30.4 

10. 1 

40.5 

5 • • 

. . 66.9 

67.0 

133-9 

20 

. 20.3 

33-5 

53-8 

6. , . 

58.4 

78.2 

136.6 

21 .... 

. 17.4 

18.6 

36.0 

7 • ■ 

. ■ 56.7 

73-1 

I29.S 

22 

. 18.9 

28.7 

4.76 

Trend for the total group — - 

““ 4-75 

Trend for pneumonia all 

forms = 

+ 4-81 


profession! But the organic heart diseases in Boston run higher 
than Pittsburgh for the whole period 1910-1920, our average (crude 
rate) being 221 and theirs 131. There is less difference after ad- 
justment to a standard population — the figures are then perhaps 223 
and 156, but even so the rate for Boston is 43 per cent, or 67 per 
hundred thousand higher than Pittsburgh. So for the same decade 
excluding the influenza year Pittsburgh’s pneumonia rate (crude) is 
295 against Boston’s 204 or after adjustment perhaps 322 against 
214, a clear 50 per cent. 

Other diseases manifest a similar persistent difference. Tuber- 
culosis with us runs for 1910-1920 at about 136 (adjusted) but with 
all the smoke and dust Pittsburgh shows only 106. The disadvantage 
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TABLE VI. (Figs. 8, 9.) 

Dise.\ses of the He.\rt Circl'L-\tiox, Xervols DisE-\ses, Pxeumoxi.\ 
All Forms, Specific De.\th R-\te per 100,000 Popll.\tiox 




IX 

Pittsburgh, 

1873-1922. 





Diseases 




Diseases 




of Heart 

Xer\’oU 3 

Pneumonia. 


of Heart Nervous Pneumonia, 

Year. 

and Cir- 

Diseases 

All Forms 

Year. 

and Cir- Diseases All Forms. 


culation. 




culation. 



1873 ■ 

63.2 

346.6 

148.1 

1898 

. . - 69.3 

167.4 

208.2 

74 - • 

77-4 

286.9 

166.4 

99 

- 113.7 

187.8 

225.7 

75 • 

72.9 

225.7 

141.4 

1900 

. - .104.5 

203.3 

210.3 

76.. 

70.4 

2599 

140.8 

I 

. . 108. 1 

182.5 

233-4 

7 / • • 

51-7 

233-8 

126.9 

2 . 

. . 107.2 

143.6 

295-4 

78 . 

70.3 

189.3 

99-3 

3 - • • • 

. 113-6 

160.2 

264.1 

79 

76.0 

l86.o 

125-3 

4 - - - 

. , .125.1 

198.2 

243.5 

80 



129.8 

5 

- - 135-8 

162.7 

251.3 

81.. 



133.9 

6... . 

. . .124.1 

149.0 

228.3 

82. 



180.0 

/ 

. . . 1 22.2 

146.8 

257-1 

83. 

79-4 

164.0 

1 49. 1 

8 ... 

. . 116.8 

1 39- 1 

256.7 

84.. 

67.0 

208.6 

195-0 

9 

. . . 1 19.2 

127.0 

253-8 

85 ■ 

81.5 

186.6 

167.4 

10 . . 

.. 142.7 

127.5 

318.7 

86.. 

74-6 

208.3 

203.6 

II.. . . 

. . . 126.6 

115.7 

199.8 

87. 

104.8 

246.2 

194-3 

12 . 

. . .156.7 

123.3 

261.1 

88 

II 3-2 

190.9 

183.6 

13. . 

. . .159-2 

113-6 

282.5 

89., 

IIO.O 

198.7 

194-3 

14 

- .145-6 

108.3 

251-5 

90.. 

102.7 

00 

04 

253-0 

15 

. .150.8 

106.9 

252.6 

91.. 

102.4 

260.7 

299.6 

16. 

. . .181.4 

no. I 

243-7 

92. 

102.0 

220,0 

222.4 

17 

. . .174-0 

141.2 

257*7 

93 - • 

104.5 

229.5 

257-6 

i8 . 

. . 184.0 

143.9 

669.6 

94 - 

94-5 

200.7 

‘ 93-4 

19 . . . 

- - 157-3 

98.5 

321.9 

95 - ■ 

96-7 

178.9 

202.2 

20 

. . . 164.1 

105.7 

380.5 

96, 

■ - - 85.7 

185-^ 

165.2 

21 . . . 

- .152.8 

II2.5 

287.1 

97.. 

65.7 

173-9 

167.7 

22 

-- 173-7 

I04.I 

284.9 


of 30 per cent, is against Boston. Our rate for cancer and malignant 
tumors is also persistently higher, even after adjustment, than Pitts- 
burgh’s. It would be unreasonable to suppose that no such differ- 
ences in the reported rates properly adjusted represented any real 
differences in the relative frequencies of the causes of death in differ- 
ent places ; but it would be equally unreasonable, we believe, to hold 
that all such differences represent precisely the true relative state of 
affairs and it is for this reason that we have preferred to discuss in 
a general way some of the items which seem important in getting a 
fair notion of the situation regarding pneumonia in Pittsburgh. 
Progress is made by the study of exceptions as well as by investiga- 
tion of the usual condition ; the condition in Pittsburgh is so excep- 
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tional that such work as the Mellon Institute did should be continued 
intensively until a correct scientific understanding of the real causes 
of the exceptionally high pneumonia death rate in Pittsburgh has 
been obtained and may be made the sound basis for practical steps 
to ameliorate the situation. 

19.- The question will be asked; How do we estimate the appor- 
tionments of the various causes in making up for Pittsburgh a pneu- 
monia rate 50 per cent, in excess of Boston's and increasing relative 
to it. The answer can be little better than guess work. We men- 
tioned an estimate of not more than 20 per cent, as due to race 
(mostly negro) and se.x distribution; this leaves 30 per cent, for 
other causes. The mortality of labor and the unh3'gienic housing 
conditions ought to affect not only the incidence of pneumonia but of 
other diseases. From the U. S. Mortality Rates. 1910-1920. we take 
the adjusted figures for Boston and Pittsburgh in 1910 and 1920 
and average them. 


No. 

Disease. 

Boston. 

Mean Rate. of Total. 

Pittsburgh. 

Mean Rate, of Total. 

I 

Typhoid 

6 

0 + 

16 

I — 

2 

Measles . 

14 

[ — 

27 

1 + 

3 

Scarlet fever 

II 

I — 

14 

I — 

4 

Whooping cough 

17 

1 

15 

I — 

5 

Diphtheria and croup 

26 

2 — 

2,5 

I "T 

6 

Influenza 

28 

2 

5 i^ 

3 

7 

Tuberculosis, lungs 

129 

8 — 

96 

5 + 

8 

Tuberculosis, other 

29 

2 — 

24 

1 + 

9 

Cancer, etc. . . 

1 1 1 

/ 

89 

5 ^ 

10 

Diabetes 

22 

I -r- 

15 

I — 

1 1 

Cerebral Hem, 

92 

5 -w 

88 

5 

12 

Organic heart Dis. 

220 

13 

154 

8- 


Pneumonia all forms 

216 

13- 

362 

19 + 

14 

Diarrhea-enteritis 

94 

6- 

162 

8 + 

15 

Xephritis and Brights 

74 

4 + 

91 

5 

16 

Puerperal Septicemia 

15 

I — 

29 

2 

17 

Puerperal other causes 

2,4 

1 + 

25 

1+ 

18 

Violent (not suicide). , 

«4 

5 

124 


19 

.\11 other causes . 

489 

29 

504 

27- 


.Ml causes . . , . 

.1685 

100 

1884 

100 


Of these causes i. 2. 3, 4, 5, 7, 8, 14, 16 seem to be those which 
should be influenced most by mortality of less immune population 
and close personal contact under unhygienic conditions (influenza is 
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omitted as possibly to be confused with pneumonia) ; the total con- 
tribution in Boston is 341 and in Pittsburgh 388, an excess of 1 1 per 
cent. Let us assume that a similar percentage would hold for pneu- 
monia for the same causes. (The conclusion is of course largely 
guess work, particularly in view of the undistributed causes in No. 
19.) Added to the previous 3 per cent., this makes 25 per cent. — 
though the question must clearly arise as to why conditions should 
be getting worse as compared with Boston. 

As to the effect of hard conditions of labor the list of diseases 
gives little or no information. It seems impossible to venture any 
estimate, even so tentatively as in the other cases. In fact it might 
well be included in the previous figures ; let us allow 5 per cent, and 
increase the 25 per cent, to 30 per cent. There remains 20 per cent, 
to be covered by smoke and dust on the one hand and systematic 
differences of diagnostic classification on the other. So far as we 
can judge these are the two causes that might most easily be cumula- 
tive or progressive in their effect, and we bear constantly in mind the 
necessity of explaining not only an excess but an increase of that 
excess. In the absence of any adequate statistical data we may 
blame the to per cent, on smoke and dust-'* and 10 per cent, on 
diagnosis.-^ We do not desire to stress these estimates, and in fact 

-® An intensification of industry should, on the smoke and dust theory, in- 
crease the pneumonia rate and even a continuation of living in a smoky 
atmosphere, provided more smoke is constantly inhaled than can be eliminated, 
should, as suggested, increase the rate at least up to a stationary condition. 
There are evidences that the rate is higher in old cities than in newer ones. 
An eminent health official who has '.vorked in Cleveland remarked to us that 
now that city is nearly as smoky as Pittsburgh and ventured the suggestion 
that the pneumonia rate there should also be high. It is not ; the mean for 
1910-1920 (with adjustment for 1918) is only 143. But Cleveland has been 
increasing rapidly in its industrial development and as a matter of fact has 
been moving sharply against the general slow downward trend of pneumonia 
mortality in the original registration states. For the decade Cleveland’s trend 
was -f- 7.8 (5.5 per cent.) and therefore comparable with Pittsburgh’s. This 
suggested an examination of the figures for Detroit where the automobile in- 
dustry has expanded so rapidly. The mean for the decade is 166 and the 
trend -)- 5.4 (3.3 per cent.). This sort of analysis is suggestive but unless 
very extensive and carefully controlled with production figures is hardly more 
than suggestive ; a careful continued study of the physical, physiological, and 
epidemiological situation in one community might show a great deal more. 

Since the statement by Dr. Fulton about the pneumonia obsession in 
Chicago, above cited, was made (1912 ?), considerable time has elapsed. It is 
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give them mainly to stress the importance of properly analyzing the 
different factors and to emphasize our opinion that such an analysis 
on far more substantial basis than is apparently yet available is needed 
before the problem of Pittsburgh’s pneumonia rate can be solved. 

20. On April i. 1924, pneumonia became notifiable and quarantin- 
able in Pittsburgh. If notification is reasonably complete and if 
quaratine leads only to supervision of the cases by the City Health 
Department even without effective isolation we should in due time 
be in possession of valuable statistical material for a continuation of 
this study.-- There may, however, come in a great complication in 
the matter of diagnosis. Ouarantine. even the mildest, is not welcome 
and the inclination in cases of doubt, which are many, may be to 
avoid the decision of pneumonia when some non-reportable, non- 
quarantinable disease may equally well serve. This is suggested in 
no spirit of criticism ; there need be no conscious effort to hide pneu- 
monia and no sudden change, but an unconscious trend more or less 

interesting to observe that the mean pneumonia death rate in Chicago for 
the decade 1910-1920 was 183, but with the remarkably sharp downward trend 
of —7.6 (4.2 per cent.). The adjusted rate for 1920 was only slightly above 
(5 per cent.) the crude rate, whereas for 1910 the adjusted rate was much 
higher (16 per cent.). The trend was calculated from the crude rates (U. S. 
Mortality Rates. 1910-1920, p. 267) and would probably have been larger if 
calculated from adjusted rates. What has produced this sharp decline? Is 
the medical profession in Chicago recovering from an obsession or did the 
pneumonia death rate really drop from around 220 to around 150, and if so, 
why ? [Added in Proof. As bearing on the possibility of over-crediting pneu- 
monia with deaths, we may mention that in another industrial community with 
a very high pneumonia rate as reported there has been and still continuing an 
investi.gation by some of our clinical and e.xperimental staff who are apparently 
findin.g that there has been in that community a pneumonia obsession and that 
the number of deaths really due to pneumonia is decidedly less — but the results 
are not yet ready to publish.] 

-- [Added III Proof. Results of value all already becomin.g available. For 
the four months. -\pril-July, 1924 we have 


Lobar Pneumonia Broncho Pneumonia 


Cases . . . 

. . ,t 6 i 

2jg 

140 

69 

169 

102 

63 

34 

Deaths . 

INO 


66 

d 9 .. 


45 

3- 

23 

Fatality . . . 

52' 'c 

57 ^ c 

47 fc 

70*^ c 

C 

45 ^ 0 

,30'; 0 

70’ c 


The case fatality rates are exceedingly high and the officials are apparently' get- 
ting \'ery good case reporting. The matter is further discussed by' Dr. Vau.x in his 
recent article cited in Xote 15.] 
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steady (witness the sharp trend of the recent past from undefined 
to lobar pneumonia throughout the registration states). If a radical 
change of the trend of pneumonia mortality takes place in Pittsburgh 
in the next few years, its causes must be analyzed impartially if they 
are to be of value in our true understanding of the ways of this 
prevalent disease which lays such a heavy hand upon our popula- 
tion. which without warning cuts off so many useful lives, and which 
with cancer and the organic heart diseases offers such a challenge to 
the medical and public health professions. 

VI. Summary. 

21. The death rate from pneumonia (all forms) in the lo original 
registration states of 1900 has remained stationary or declined slightly 
during the period 1900-1920; in the City of Pittsburgh the rate, 
starting at about the general level, has risen until it is higher than in 
any other large city. Such a situation calls for a critical study. 
With the aid of figures from the reports of the U. S. Bureau of 
Census and additional figures furnished in a most obligingly co- 
operative spirit by the Health Department of the City of Pittsburgh 
under Dr. C. J. Vaux, the authors have set forth in detail the 
course of mortality from pneumonia in Pittsburgh for the 21 years 
1900-1920 and in a cursory way for the 50 years 1873-1922; they 
have also made comparisons with other districts. 

On this statistical background are discussed the various sugges- 
tions that have been made to account for Pittsburgh’s exceptionally 
high and exceptionally increasing rate, namely, the race and sex 
distribution of the population, the unhygienic housing, and the severe 
labor conditions in the city, the importation of labor into the city, the 
excess of smoke and dust due to the great industrial activity, and the 
possibility of a tendency to report pneumonia as a cause of death 
relatively more frequently than is customary elsewhere. It is be- 
lieved that all these factors probably contribute to Pittsburgh’s excess 
mortality from this disease, but it is difficult to admit that the race 
or sex distribution of the population are becoming progressively so 
much more unfavorable and the labor conditions or housing situa- 
tions are so rapidly worsening as to afford a rational explanation for 
any considerable part of the increase. It seems highly probable that 
21 
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smoke and dust may act accumulatively so as to produce not only 
an excess death rate but an increase in it, continuing possibly even 
after there has been some improvement in the control of the smoke 
and dust nuisance. It seems also highly probable that there is a 
tendency to report pneumonia as a cause of death somewhat more 
freely than elsewhere ; different habits in reporting from time to 
time and from place to place are not unknown, and indeed are un- 
avoidable. 

No satisfactorily sure conclusions can. however, be reached as to 
the cause of Pittsburgh's excess mortality from pneumonia or its in- 
crease without a prolonged carefully controlled scientific study of all 
phases of the situation, social, statistical, and in particular physical 
and physiological. The situation is so bad that it is to be hoped that 
any efforts of the Department of Health of the City of Pittsburgh 
to deal with this problem will meet cordial support; but until the 
proportionate influences of the various causes have been ascertained 
all palliative measures must be tentative and their results critically 
examined. Insofar as the matter is one of industrial hygiene, as it 
seems in no small measure to be, it is important to have the active 
codperation of the industry in studying the condition and in combat- 
ting it, and it is probable that rational efforts of the industry would 
be repaid not only in civic betterment but in lessened costs of produc- 
tion. 

H.tRv.vRD School of Public Hf..\i.th. 

Bostox, il.ViS.. 

April. 1924. 
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WOODROW WILSON.^ 

By JOHN H. FINLEY. 

{Read March 7, 19^4.) 

The author of the “ History of the People of the United States 
states with a touch of satire that when Washington had said fare- 
well to his officers in Xew York and was on his way to Annapolis 
to resign his commission as Commander-in-Chief of the Army, The 
American Philosophical Society at Philadelphia turned from the 
consideration of learned papers on Improved Methods for Quilling 
the Harpsichord and Observations on the Torporific Eel to pay 
homage to the great chief. So, this body, which has the marks of 
immortality upon it and is not subject to the vicissitudes of mor- 
tality, pauses at the passing of another .Ymerican Commander-in- 
Chief — one who has been a leader in the greatest war the world has 
ever known — turns from the consideration of more profound scien- 
tific subjects than those of a centurv- and a half ago. to pay homage 
to one who has resigned his commission into the hands of Deity as 
a soldier who fought a good fight and kept the faith — Woodrow 
M'ilson, the historian who both wrote and made history. 

I was several years ago very unexpectedly called upon to say a 
word concerning him at a public dinner given to him. when he was 
Governor of New Jersey. Having but a little time before returned 
from abroad, I had to say that I had not before met " Governor ” 
Wilson, but I added that I had some acquaintance with President 
Wilson of Princeton University and that I had known well and had 
unbounded admiration for Professor Wilson as a teacher and asso- 
ciate. So I find myself, tonight, led to speak of the man, the teacher 
and the scholar, philosopher and member of this Society, Woodrow 
Wilson, at whose feet I sat as a student at Johns Hopkins Uni- 
versity where he was a lecturer and at whose side I sat as a pro- 
fessor at Princeton University. I am perhaps disqualified bv this 
relationship to speak dispassionately of him. but you will be able 

Hi 
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to determine the coefficient of expansion in my estimate and make 
the allowance for the warmth of my expression. But I should by 
his own standards be permitted to speak of him even in this way, 
for as he himself said: “ the truth cannot be told by a dispassionate 
annalist.” Moreover, I have his authority for departing from 
a chronological arrangement, for “ the best arrangement,” he said, 
“ is always that which displays not the facts themselves, but the 
subtle and else invisible forces that lurk in the events and in the 
minds of men.” Thus with his own warrant, I begin as did Dante 
with his master Virgil, “ nel mezzo del cammin di nostra vita,” for 
we were at the very midway of life when I came to know him — 
whom I can fitly characterize as Dante did \Trgil, as the “ well- 
spring from which such copious floods of eloquence have issued.” 

The best picture of him in those days was one that he uncon- 
sciously made of himself when describing Walter Bagehot, whom 
he called a “literary politician” and of whom he said: “You 
have in him a very superior species of the man thoughtful, full of 
manly straightforward meaning, full of knowledge and a con- 
suming desire for it, . , . genial withal yet with the geniality of a 
man of wit and alive in ever}- fibre of him with a life he can com- 
municate to you.” Though he had the visage of a Covenanter and 
a grimness when his face was set with some fixed purpose of his 
mind, it became the most kindly of countenances when lighted in 
public discourse or in private conversation with a friend. He could 
jest (and he was full of jest and joke) “to your instruction and 
beguile you into being informed beyond your wont and wise beyond 
your birthright.” Young men were seized with a thrill of expectancy 
when he entered to begin a lecture. His charm w-as enhanced by 
the rugged lines of his homely face. I spoke a few nights ago with 
a young man in his thirties who w'as a Princeton student in the 
days when the “ Quad ” system was being discussed with acrimony. 
He and his companion, opposed to President Wilson’s plan, went 
to a meeting at which he w'as to speak, vowing to keep themselves 
beyond the influence of anything but cold facts. The President 
made a speech which was devoid of any concrete facts, but the 
w'hole audience w’as lifted to its feet by his simple convincing presen- 
tation of the case — so the student testified. 
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If Woodrow Wilson were asked to justify himself, in omitting 
the mention of facts — as I once heard him defend an overstate- 
ment — he would answer : “ The facts do not constitute the truth. 
The truth is abstract, not concrete. It is the just idea, the right 
revelation of what things mean.’’ No inventory of items, he con- 
tended. would even represent the truth. They might even obscure 
it. The true teacher, the true leader, as the true historian “ works 
always for the whole impression.” This was what he was saying 
of the historian, at any rate, back in the nineties, when the students 
were crowding his courses as the pupils of Abelard flocked to him 
out in the desert where he built an oratory of stubble and estab- 
lished the School of Paraclete. And was this not the explanation, 
in some measure at least, of Woodrow Wilson’s failure to carry 
his supreme policy, having to sit down day after day with concrete 
facts, with an inventory of items which obscured by their number 
and complexity the great truth he was trying to express concerning 
the relationship of nations in the salvation of the earth? 

Back in his library, he wrote before the days of his political 
activit}’ could even have been dreamed of : “ The ordinary literary 
man even though he be an eminent historian is ill enough fitted to 
be a mentor in affairs of government.” “ For.” he added, “ it must 
be admitted, things are for the most part very simple in books and 
in practical life, very complex. Not all the bindings of a library 
inclose the various world of circumstance.” Nevertheless, it was 
to such a man that the practical politician did go, but fetched him 
away from his library into the forum where “ politics gained a 
profound expounder who was no politician.” And the literary 
man had to put away some of the things that were so simple in 
books. The author of “ The State ” and the historian of the United 
States, the writer of “ mere literature ” and the critic of “ con- 
gressional Government ” found himself the Chief Magistrate of 
the greatest of States and in the world and for a time as Louis 
XIV, the State itself, and the virtual dictator of the Congress of 
which he had written in his learned doctor's thesis. No one ever 
came better prepared in a knowledge of political theory into the 
Presidency. He was so great a master of his subject that he could 
take liberties with it. He could, to borrow his own language, “ slap 
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his propositions on the back and be hail fellow well met with them."’ 
But with all his obvious effort, he could not be hail fellow well met 
with the people themselves, though no one could converse with more 
charm. 

If I were to imitate Plutarch and try to bring out the distinctive 
character of one by comparison with another, as Aristides with 
Marcus Cato, I should most naturally speak of Grover Cleveland 
and MUodrow Wilson, who by a singular fortuity were both near 
to me, though not near to each other. Going to Princeton one 
night in 1899 as a journalist to hear Mr. Cleveland lecture on the 
Independence of the Executive, I met my former teacher. Pro- 
fessor Wilson who had long before introduced me to Mr. Cleve- 
land, was told by him of a new chair of politics, the first in America, 
that had been endowed and was asked whether I was willing to 
accept a nomination as its first encumbent. I had thus the oppor- 
tunity in the few }'ears that followed to know these two great men : 
Mr. Cleveland in his very fiber a democrat, believing the people, 
instinctively sympathetic with them, deriving his doctrines not 
from books but from his contacts with men, little acquainted with 
books — a little suspicious of words; and Mr. Wilson as complete a 
democrat in his philosophy. He was intellectually a devout disciple 
of democracy. But he learned it by the tuitions of his mind and not 
of his heart. And he had one of the greatest of minds to teach him. 
He once said : “ His mind is a great comfort to every man who has 
one.” In his own, he had supreme comfort and complete confidence. 
It equipped him of its tuitions by the hard crystallization of years 
of study to instruct the mind of the world and enabled him to 
stand “ as a distinct and imperative individual among those who ex- 
press the world’s thought." As an expounder of government, he 
sought and found his materials far and wide, “ standing with the 
poets as well as lawgivers.” ” There is more of a nation's politics 
to be got out of its poetry than out of all its systematic writers upon 
public affairs and constitutions. Epics are better mirrors of manners 
than chronicles ; dramas oftentimes let you into the secrets of statu- 
tes ; orations stirred by a deep energy of emotion or resolution, 
passionate pamphlets that survive their mission because of the 
direct action of their style along permanent lines of thought, con- 
tain more history than parliamentary pamphlets.’’ 
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He contended, in the face of the scientist and his study of form 
and structure, that it was not knowledge that moved the world, but 
ideals, convictions, the opinions or fancies which have been held 
or followed. So, though he studied the anatomy of government and 
knew it as thoroughly as any doctor of science studies and knows 
the human frame, which he himself in his dying words likened to 
a piece of machinery, he was ever practicing the “ vivisection of read- 
ing literature ’’ to acquaint himself with the spirit that made use 
of the machinery of government. But he never knew the rough, 
narrow-ranged comradeship of those who are at the foundations of 
democracy, on whose minds and hearts its safety in the world de- 
pends. He was in the world and the most potent man in it for his 
day, but in a sense he was not of it. 

But it was this very detachment — the meditation apart — which 
made him as a voice of one coming out of the wilderness and crying 
across the earth, in every corner of which he was heard. Yet he 
realized as he said in his address at Lincoln’s birthplace, that the 
hopes of mankind cannot be kept alive by words merely, that they 
must be transmuted into the life and action of society; but after all 
they must first have a voice. In the beginning is always the word. 

It was Wilson’s words that after all got things done in the war. 
Many of us were impatient with his notes ” and there were some 
of these notes that would better never have been written. But it 
was ultimately by his messages, crowned with this immortal quality 
of ecstasy, that his own people were assembled into the defense of 
world freedom and the nations that sat in darkness brought to see 
“ a great light ’’ as in his Flag Day Address in 1917: 

“ For us there is but one choice. We have made it. Woe be 
to the man or group of men that seeks to stand in our way in this 
day of high resolution, when every principle we hold dearest is to 
be vindicated and made secure for the salvation of the nation. We 
are ready to plead at the bar of history and our flag shall wear a 
new lustre. Once more we shall make good, with our lives and 
fortunes, the great faith to which we were born and a new glory 
shall shine in the face of the people,” 

The spirit that had become flesh, again became spirit in the words 
that again and again stirred people to an exaltation, such as in 
turn exalted the whole nation. 
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Jefferson had written on his tomb an inscription telling not what 
the people had done for him, but what he had done for the people. 
There is no mention made of his having been Governor of Virginia, 
Secretary of State, Vice-President or President of the United 
States. What he seemed to wish remembered was that he was, as 
it is written, the author of words — author of the Declaration of 
Independence and of the Statute of Virginia for Religious Liberty 
and the Father of the University of Virginia. Two of his three 
great contributions were of words merely, but they were the pre- 
cursors of independent national life and freedom of worship. 
Woodrow Wilson will be remembered long after his name becomes 
but one of a hundred or hundreds in the lengthening list of Presi- 
dents’ names, as the author of words upon which the nations hung — 
words that caused the millions to pause in their fighting and which 
became the basis of the parley of peace — words which framed a 
covenant for the “ enduring ” peace of the world. They are only 
words, but they carry an exalted hope of humanity and must some 
day find their guerdon in deeds. 

He wrote a Calendar of Great Americans back in those days, when 
he was a historian and teacher and essayist. He excluded from this 
list several great men born and bred in America who were not after 
all Americans : Hamilton and Madison whom he regarded as great 
Englishmen born in the New World, John Adams and Calhoun great 
provincials, Asa Gray and Emerson “ who might have been native 
to any clime ” and Jefferson and Benton who were of mixed breed, 
one permeated by a strain of French philosophy and the other a 
“ pompous antinomy.” Marshall and Webster were, however, dis- 
tinctly American, viewing the fundamental law as a great “ organic 
product ” as well as a charter of authority. But he put first as a 
sort of multiple American the founder of this Society, Benjamin 
Franklin, a man possessed of the American speech and with an 
unmistakeable touch of greatness and distinction.” Then he named 
Washington who hardly seems an American as most of his bio- 
graphers depict him, who was, however, as thoroughly American 
as Jackson who came into our national politics ” like a cvclone from 
off the Western prairies,” or Lincoln the ” supreme American of our 
history.” But when Professor Wilson wrote this calendar (which 
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included Clay, Grant and Lee, Sam Houston and Patrick Henry and 
in letters Lowell and Curtis, but no one in science) and prophesied 
that many types of Americanism would rise out of its multiform 
life, he could not have suspected that his own name would ever be in 
the political list of great Americans even if he dared to hope that 
some day that name might be put with those of Lowell and Curtis 
in letters or among the great historians with Greene and Gibbon and 
Carlyle and Macaulay (at all of whose doors he knocked when in 
search of a master) , or even with the writers of mere literature. 

This passage from his own writing not only shows how intimately 
acquainted he was with varied immortal forms, but also illustrates 
with what rich fabrics he could clothe his thought on occasion, when 
at other times, with like art, he used the simple stone ; 

“ Who shall say how much of Burke’s splendid and impressive 
imagery is part and stuff of his thought or tell why even that part 
of Newman’s prose which is devoid of ornament, stripped of its 
shining skin and running bare and lithe and athletic to carry its 
tidings to men, should promise to enjoy as certain an immortality? 
Why should Lamb go so quaintly and elaborately to work upon his 
critical essays, taking care to perfume every sentence, if possible, 
with the fine savor of an old phrase, if the same business could be as 
effectively done in the plain and even cadences of IMr. Alatthew 
Arnold’s prose? Why should Gibbon be so formal, so stately, so 
elaborate when he had before his eyes the example of great Tacitus, 
whose direct sententious style had outlived by so many hundred 
years the very language in which he wmote ? ” 

And yet he was always depicting himself, in a semi-political ser- 
vice. as I have intimated, in what he has written of others, notably 
Bagehot and Burke back in the nineties or late eighties : “ Occa- 
sionally,” he said, ” a man is born into the world whose mission is 
to clarify the thought of his generation and to vivifv it, to give it 
speed where it is slow, vision where it is blind, balance where it is 
out of poise, saving humor where it is dry. Such a man,” he added, 
“ was Walter Bagehot.” “ Such a man.” with only the slightest 
change of phrase we should say “ was Woodrow Wilson.” For 
a day in the world’s history, the thought of this generation was 
clarified by him. For a day he vivified the souls of men. For a 
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day there was a vision glorious before the eye^ of the nations. And 
if he seemed not to give speed by his ‘‘ watchful waiting,” we may 
recall the words of Mr. Choate back in April 1917: 

“ Some of us thought the watchful waiting would never cease. 
But now we see what the President was waiting for and how wisely 
he waited. He was waiting to see how fast and how far the Ameri- 
can people would keep pace with him and stand up to any action 
he proposed.” 

It is not for me to appraise his political achievement. His place 
among outstanding Presidents is beyond challenge. He became a 
member here as a teacher, a scholar, a political philosopher, a his- 
torian and it is as a teacher, a scholar and a political philosopher and 
historian that I think he would wish to be remembered here. If he 
had not come into the Presidency at a most critical time in the 
world’s history, he would yet have had rightful distinction as a man 
of letters. His fellows in letters had long before he became Presi- 
dent elected him fo membership in the American Academy of Arts 
and Letters, as you into this eminent society of philosophers. His 
art had prepared him against oblivion, even though it could not have 
given him as a mere men of letters a world audience. He had lived, 
as he said it behooved all minor authors to live, conscious of the 
risk of being discovered some day. He had already been discovered 
and had come into the small major group of his day in letters before 
he came into the still smaller major group of the world’s statesmen. 

If the touchstone of what an English essayist calls " fine ” litera- 
ture and what i\Ir. Wilson called “mere” literature or “essential ” 
literature be the presence of “ ecstasy ” — the voice which tells us 
distinctly as ^Ir. Wilson does, that man is “ not the creature of the 
drawing room or the stock exchange, but a lonely, awful soul con- 
fronted by the source of All Souls ” — ^then does Woodrow Wilson 
become a real m.an of letters. He came in his prime as if born into 
the world for the verv- mission, as a teacher of citizenship in the 
world which humanity has made. 

For he was first and last a teacher. Plis officers were incidental 
to his task; they were his rostrum. He inaugurated the preceptorial 
system at Princeton, but he was not a preceptor, sitting down bv the 
side of the individual like IMark Hopkins. He taught the multi- 
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tudes. His chair as that of Abelard was an “ oratory.” He spoke 
as one having authority from a platform, a little above those whose 
minds he would inflame. This was his method in political as in 
academic life. He instructed the many by letter and by speech out 
of the loneliness of his own thinking. He came finally to lecture to 
the peoples of the earth on planetarr- jurisprudence, from the great- 
est chair of international relations ever established in our universe. 
As Benjamin Franklin at the end of his varied high public occupa- 
tions wrote himself down in his last will and testament. ” Benjamin 
Franklin, Printer,” so the best epitaph for Woodrow Wilson though 
he had held the highest political office in the United States and the 
foremost place for a time in the sight of the nations, would be, 
“ Woodrow W'ilson, Teacher.” 

“ And so ” ( to quote Pericles) ‘‘ with slight change he has re- 
ceived the grandest of all sepulchres.” Not that where I saw his 
body laid, but “a home in the minds of men. where his glory re- 
mains fresh to stir to speech or to action as the occasion comes by. 
For the sepulchre of famous men is the whole earth ; and their 
story is not graven on stone over their native earth, but lives on 
far away, without visible symbol, woven into the stuff of other 
men’s lives.” 
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Stated Meeting, January 4. IQ24. 

WiLLi.\M B. Scott, Sc.D., LL.D., President, in the Chair. 

Dr. Rodney H. True, a newly elected member, subscribed the 
Laws and was admitted into the Society. 

The decease was announced of Dr. Samuel P. Sadtler, Ph.D., 
LL.D., at Philadelphia, on December 20. 1923. aet. 76. 

Dr. John .A. Miller. Director of the Sproul Observatory, Swarth- 
more College, read a paper entitled “ The Solar Eclipse of 1923, as 
seen at Yerbanis, Mexico, by the Sproul Observatory Expedition,” 
illustrated by lantern slides, which was discussed by Prof. Snyder. 

The dates of the General Meeting of 1924 were fixed for April 
24. 25, and 26. 

Stated Meeting. February i. 1924. 

WiLLi.vM B. Scott, Sc.D., LL.D., President, in the Chair. 

The Chairman of the L.ibrary Committee called special attention 
to a valuable donation by Mr. William Smith Mason, of Evanston, 
Illinois, of 64 volumes and 4 pamphlets of Frankliniana, for which 
the Society voted a resolution of appreciation. 

The decease was announced of Basil Lanneau Gildersleeve, LL.D., 
Litt.D., at Baltimore, ^laryland, on January 9, 1924, set. 92. 

Dr. Allen J. Smith. Professor of Pathology at the University of 
Pennsylvania, read a pajter on “ The Development of Insulin in the 
Treatment of Diabetes.” illustrated by lantern slides, which was dis- 
cussed by Doctors Keen. Goudspeed, Smith, and Keller. 

Stated Meeting. March 7, ip^g. 

WiLLi.\M B. Scott, Sc.D.. LL.D., President, in the Chair. 

Dr. John H. Finley, a recently elected member, subscribed the 
Laws and was admitted into the Society. 
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A bas-relief in bronze of President Wilson, a recent purchase of 
the Curator, was presented. 

The decease was announced of 

Harry F. Keller. B.S., Ph.D.. Sc.D.. at Philadelphia, on Feb- 
ruary 5, 1924. cet. 62. 

Jacques Loeb. iM.D.. Ph.D.. Sc.D.. at Hamilton. Bermuda, on 
February ii, 1924, jet. 65. 

Hon. Woodrow Wilson, at Washington, D. C., on February 3. 
1924, tet. 68. 

Dr. John H. Finley, Associate Editor of the Xeiv York Times, 
and formerly Professor of Politics at Princeton University, presented 
a biographical notice of Ex-President Wilson, a deceased member of 
this Society; after which Mr. Roland S. Morris, Ambassador to Japan 
during the Administration of President Wilson, made some remarks 
on the former President. 

Stated General Meeting, April 24, 2j, 26, 1924. 

Thursday Afternoon, April 24. 

Opening Session, 2 o’clock. 

Hampton L. C.arsox, LL.D., Vice-President, in the Chair. 

Prof. David L. WAbster, a newly elected member, subscribed the 
Laws and was admitted into the Society. 

The death was announced of Prince Roland Bonaparte, at Paris, 
France, on April 14, 1924, ret. 66, 

The following papers were read ; 

“ The Fate of the Soul of the Elect in iManichaeism,” bv V. 
Williams Jackson, .-\.M., L.H.D.. LL.D., Professor of Indo- 
Iranian Languages. Columbia University. (By title.) 

“The Bornholm Dialect of Danish,” by John Dyneley Prince, 
B.A., Ph.D., Envoy Extraordinary and Minister Plenipoten- 
tiary to Denmark. (By title.) 

“ Balder and the Golden Age,” by Hermann Collitz, A.iM., Ph.D., 
Professor of Germanic Philology, Johns Hopkins Universitv. 

“ Some Effects of Baths on Man,” by H. C. Bazett, B.Ch. 
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(Oxon.), F.R.C.S., AI.D., Professor of Physiology, Univer- 
sity of Pennsylvania. (Introduced by Dr. A. C. Abbott.) 

“ Differential Permeability and Cell Reaction,” by M. H. Jacobs, 
Ph.D., Professor of General Physiology, University of Penn- 
sylvania. (Introduced by Dr. A. C. Abbott.) 

“ Pneumonia in Pittsburgh,” by Ewald Tomanek. M.D., and Ed- 
win B. Wilson, A.B.. Ph.D., Harvard School of Public Health. 

“ The Amending Provision of the Federal Constitution in Prac- 
tice,” by Herman Y. Ames, A.M., Ph.D., Professor of His- 
tory, University of Pennsylvania. 

“ On the Authorship of the Anonymous Pamphlet Published in 
London, in 1760, Entitled ‘ The Interest of Great Britain Con- 
sidered with Regard to Her Colonies,' ” by I. Minis Hays, 
A.ISI., M.D., of Philadelphia. 

“The Nation's Transportation Problem." by Emory R. Johnson, 
Litt.iM., Ph.D., Sc.D., Professor of Transportation, University 
of Pennsylvania, which was discussed by IMr. Carson. 

“ Obstacles to International Commerce,” by Lewis M. Haupt, 
Sc.D., LL.D., of Philadelphia. 

“ The Scientist and an International Language,” by Roland G. 
Kent, A.M., Ph.D., Professor of Comparative Philolog},', Uni- 
versity of Pennsylvania. (Introduced by Dr. McDaniel.) 

Friday, April ^>3. 

Executive Session, 10 o'clock. 

WiLLi.\M B. Scott, Sc.D.. LL.D., President, in the Chair. 

The President delivered his annual address. 

The Proceedings of the Council were submitted, with the recom- 
mendation of fifteen nominees for election this year.. 

The Reports of the Treasurer, of the ..Audit Committee, and of 
the Finance Committee were presented, with the latter’s recommenda- 
tion of appropriations for the year 1925. which were unanimously 
voted. 

The following proposed amendments to the Laws, having been 
favorably reported by the Council, were unanimously adopted: 
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To Chapter XI. Section 8. add : 

In the selection of nominees for presiding Officers and Councillors the sev- 
eral departments of science shall be represented so far as practicable, and due 
consideration shall be given to geographical location so as to preserve the na- 
tional character of the Society." 

In Chapter XI insert the following new sections: 

" All standing Committees shall hold stated meetings at least three times in 
the year.” 

“ All Boards of Officers and Committees shall keep regular minutes of their 
proceedings which shall be in the custody and care of the Assistant Secretary." 

“ Xo indebtedness shall be incurred for which there has not been an appro- 
priation previously made ; nor shall any indebtedness be incurred or bill approved 
for payment except by a duly recorded vote of the committee concerned." 

Morning Session, io:jo o'clock. 

William B. Scott. Sc.D.. LL.D., President, in the Chair. 

The following recently elected members subscribed the Laws and 
were admitted into the Society : 

T. Way land Vaughan 
W. J. Sinclair 
Charles E. Allen 
S. A. Mitchell and 
Charles D, Hazen 

The following papers were read : 

“Inheritance hy Tetrad Sibs in S phacrocarpos." by Charles E. 
Allen, Ph.D., Professor of Botany. Columbia University. 

“The Behav'ior of Oenothera nco-Laniarckiana in Selfed Line 
through Six Generations.” by Bradley i\I. Davis. A.IM., Ph.D., 
Professor of Botany, University of ^Michigan, which was dis- 
cussed by Professors Shull. Davis, and MacDougal. 

“ Types and Variants in Certain Coenohic Plants,” by Robert A. 
Harper, M.A., Ph.D., Professor of Botany, Columbia Uni- 
versity. 

“ A Second Independently Inherited Factor in the Evening Prim- 
roses (Oenothera) by George H. Shull, B.S., Ph.D., Pro- 
fessor of Botany and Genetics, Princeton University, which 
was discussed by Professors Scott. Davis, and Shull. 
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“ Arrangement and Action of ^laterial in the Plasmatic Layers 
and Cell Walls of Plants/' by D. T. IMacDougal, IM.A., Ph.D., 
LL.D., Director of Dept, of Botanical Research, Carnegie In- 
stitution, which was discussed by Professors Scott and Shull. 

“ The Curve of Population Growth.” by Raymond Pearl. Ph.D., 
Sc.D.. LL.D., Professor of Biometry and Vital Statistics, 
School of Hygiene and Public Health, Johns Hopkins Uni- 
versity, which was discussed by Professors Brown, Pearl, L. 
AI. Haupt. Kennelly. and Hobbs. 

“Faunal Life Zones of ^Mongolia — Jurassic to Upper Pliocene,” 
by Air. Walter Granger, Palaeontologist of the Third Asiatic 
Expedition, of American Aluseum of Natural History. 

“ Fauna of the Santa Cruz Beds of Patagonia,” by William B. 
Scott, Ph.D., Sc.D., LL.D., Professor of Geology, Princeton 
University'. 

“ Fauna of the Concretionary Zone of the Oreodon Beds of the 
White River Oligocene.” by W. J. Sinclair, Ph.D., Assistant 
Professor of Geology. Princeton University. 


Afternoon Session. 2 o'clock. 

WiLLi.wt B. Scott. Sc.D.. LL.D.. President, in the Chair. 

A bronze memorial tablet of Air. Henry LaBarre Jayne, who was 
for many years Treasurer of the Society-, yvas placed on deposit here 
by the Jayne Alemorial Committee. Air. Roland S. Alorris, in mak- 
ing the presentation, spoke as folloyvs : 

We have all known at least once in our lives persons whose spiritual qualities 
give us a present sense of their immortality. They associate with us in the 
daily tasks of this material world ; they share with singular sympathy and in- 
sight the achievements and frustrations which is the e.Kperience of all of us and 
yet to those who are privileged to know them they convey a feeling of strength 
and permanence which is certain to persist beyond a world of changing appear- 
ance. The passing of such vivid personalities beyond our material vision only- 
serves to emphasize in us the conviction of their continued spiritual existence. 
In the ancient words of the Latin liturgies we feel that they are “ born into the 
better life,” of which their life on earth yvas but a promise and a preparation. 
Henry LaBarre Jayne was such a personality. He loved this yvorld, its beauty, 
its perilous possibilities ; its baffling mysteries. This love found expression in 
a lifelong interest in every form of art which sought truthfully to mould in 
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imperishable forms the elusive spirit of beauty, the tragedy and comedy of 
human experience or the aspiration of the souls of man. 

He loved the riches of the mind and always thought of himself with char- 
acteristic modesty as a private enlisted for life in the adventurous search for 
truth. Above all he loved his fellow-man with an almost religious passion and 
no human soul was an alien to his broad and generous sympathies. 

But it was his truly spiritual insight which gave to these affections and to 
the personality which unified them that sense of his continued presence which 
we feel today. 

How natural — how inevitable — that when he left us in the body we, his 
friends, should seek to find some material expression of this continued presence 
in our lives. Thus spoptaneously a group of his fellow-citizens, representative 
of the varied interests of an active life organized the Jayne Memori.cl Fund 
to hold, if I may so express it, something of his spirit for the generations to 
come, who knew him not in the flesh. 

Out of this movement grew the Jayne Memorial Lectures — a permanent foun- 
dation adequately endowed, designed to give each year to some leader of thought 
an opportunity to present to the world the results of his research. We hope 
that this foundation may ever retain that spirit of tolerance. liberty and deep 
sincerity which is associated with our memory of him whose name it bears. In 
this way alone can it make any worthy contribution to American thought. But 
we, his friends, his associates in various activities, longed for some memorial of 
him more personal than the foundation could be. So we turned to a great artist 
and asked him to express in bronze our memory of his ever youthful vigor and 
enthusiasm. 

It is fitting, Mr. President, that the Trustees of the L’niversity Extension 
Society should place in the custody of the American Philosophical Society this 
memorial of our friend. To the University Extension Society PIlnky LaBarre 
J.vYXE gave unsparingly of his time and strength. To the American Philo- 
sophical Society with its tine traditions of truth and its achievements in the field 
of scientific research he gave affectionately the riches of his creative personality. 
We leave in your keeping this beautiful reminder of him amid the memorials 
of the great minds he loved and reverenced. In our hearts we retain the 
inspiration of his un'-elfish life, of his immortal spirit. 

A great citizen mIio gave generously of his time, his talents, and his fortune 
fortune to the diffusion of knowledge; the progress of the fine arts; the de- 
velopment of the drama and the promotion of civic ideals," 

The Symposium followed, the subject hein," “Are the Various 
Races of ftlan Potentially Equal?" The speakers were: 

Franz Ilnas, Ph.D., LL.D.. Sc.D., Profe.ssor of Anthropologv, 
Columbia L'niversitv. 

H. U. liall. Curator General Ethnology, University iMuseum. 
University of Pennsylvania. (Introduced by Dr. Gordon.) 

Alexander Goldenweiser, Ph.D., Professor of Anthropology, 
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New School for Social Research, New York City. (Intro- 
duced by Dr. Gordon.) 

There was discussion by Professors Scott, Conklin, Gordon, Boas, 
and Kennelly. 

The Friday evening Lecture was given by Dr. Dayton C. Aliller, 
Professor of Physics, Case School of Applied Science, Cleveland, 
who spoke on “ Visible Sound.” with experimental illustrations. 

Saturday, April 26. 

Executive Session. 10 o’clock. 

William B. Scott, Sc.D.. LL.D., President, in the Chair. 

Pending nominations fur Officers and Members were read and 
the Society proceeded to an election. The Tellers subsequently re- 
ported that the following had been elected : 

President. 

William B. Scott. 

J 'ice-I’resuienfs. 

Hampton L. Carson. 

Henry Fairfield Osborn. 

W. ^\^ Campbell. 

Secrclaries. 

Arthur W. Goodspeed. 

John A. ^liller. 

Curator. 

William P. Wilson. 

T reasurcr. 

Eli Kirk Price. 
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Councillors. 

(To serve for 3 years.) 

Henry Crew, 

S. W. Stratton. 

E. Lingelbach. 

V. C. Vaughan. 

Members. 

Charles IMcLean Andrews, A.M., Ph.D., L.H.D., New Haven. 
James Roland Angell, A.M., Litt.D., LL.D., Xew Haven. 

Harry Bateman, M.A., Ph.D., Pasadena. 

Albert Francis Blakeslee. A.M., Ph.D., Cold Spring Harbor. 

John William Davis, A.B., LL.B., LL.D., Xew York. 

Gano Dunn, il.S., E.E., Xew York. 

Livingston Farrand, A.M., Ph.D.. Ithaca, X. Y. 

Charles A. Kofoid, A.M.. Ph.D., Berkeley. Calif. 

Armin O. Leuschner, A.B., Ph.D., Sc.D., Berkeley, Calif. 

Frank Leverett, B.Sc., Ann Arbor, Mich. 

Graham Lusk, A.M.. Ph.D., Sc.D., Xew York. 

Charles E. Mendenhall, B.S., Ph.D., IMadison, Wis. 

Charles R. Stockard, AI.S., Ph.D., Xew York. 

William Sydney Thayer, M.D., Baltimore. 

Clark Wissler, A.M., Ph.D., Xew York. 

Morning Session. lo.jo o’clock. 

William B. Scott. Sc.D., LL.D., President, in the Chair. 

The following papers were read : 

“ The Effects of Temperature on the Rate of Embryonic De- 
velopment of Certain Orthoptera,” by J. H. Bodine, A.B., 
Ph.D., Instructor in Zoology, LIniversity of Pennsylvania. 
(Introduced by Dr. McClung.) Discussed by Professors Par- 
ker, Davis, and Dahlgren. 

“ Symbiotic Luminous Bacteria as Used by Fishes,” by Ulric 
Dahlgren, A.B., M.S., Professor of Biology, Princeton Uni- 
versity. 
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“Transplantations of the Spinal Cord,” by Samuel R. Detwiler, 
Ph.D., Assistant Professor of Zodlogr,', Harvard University. 
(Introduced by Dr. Donaldson.) 

“ The Fishes Used Against Yellow Fever in Colombia." by Carl 
H. Eigenmann, A.H., Ph.D., Professor of Zoology, Indiana 
University. 

“ The Amount of Carbon Dioxide Excreted by One Centimeter 
of Frog Nerve Fiber," by George H. Parker. Sc.D., Director 
of iluseum of Comparative Zoolog\-. Harvard University. 

“ Sex in the Right and Left Sides of the Bird's Body." by Oscar 
Riddle, Research Staff. Carnegie Station for Experimental 
Evolution, Cold Spring Harbor. (Introduced by Dr. Eigen- 
mann.) 

“ The Prediction of the Basal iletabolism of Girls," by Francis 
G. Benedict, Ph.D., Sc.D., Director, Nutrition Laboratory of 
the Carnegie Institution. 

“ Some Phases of the Life of Gambetta." by Charles Downer 
Hazen, Ph.D., L.H.D.. Litt.D.. Professor of History, Colum- 
bia University. Discussed by Prof. Scott. 

“Vicarious Atonement." by Paul Haupt. A.IM.. Ph.D., LL.D., 
Professor of Semitic Languages. Johns Hopkins University. 
Discussed by Professors Scott and Haupt. 

Afternoon Session. 2 o'clock. 

WiLLi.^M V . Campuell. M.S.. Sc.D., LL.D.. Vice-President, in the 

Chair. 

The following papers were read: 

“The Sonic Depth Finder." by Harvey C. Hayes, Ph.D.. U. S. 
Naval Experiment Station. Annapolis. (Introduced bv Mr. 
Bryant.) Discussed by Professors Haupt and Hayes. 

“Some New Experiments in Gravitation" (Fourth Paper), by 
Charles F. Brush, Ph.D., Sc.D., LL.D., of Cleveland. 

“ Further Results Concerning the Earth’s Magnetic and Electric 
Fields," by Louis A. Bauer. C.E.. M.S., 1\I..\., Ph.D., Director 
of the Department of Terrestrial IMagnetism, Carnegie Insti- 
tution. 
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“ Abnormal Under-voltage Arcs in Gases,” by C. B. Bazzoni, 
A.^I., Ph.D., Professor of Experimental Pht-sics, and IMr. 
J. T. Lay, Research Associate, L’niversity of Pennsylvania. 
(Introduced by Professor Goodspeed.) This was discussed 
by iMr. Smyth. 

“ Application of Positive Ray Analysis to Problems of Ioniza- 
tion,” by H. D. Smyth, Ph.D., Research Fellow, Princeton 
University. (Introduced by Professor Karl T. Compton.) 

“ Some Properties of Simple Electric Conducting Net Works,” 
by A. E. Kennelly, A.^I., Sc.D., Professor of Electrical Engi- 
neering, Harvard University. 

“ Wave Lengths of Iron Lines in the Vacuum Arc.” (By title.) 

“ On the Shift of the Solar Lines Predicted by the Theory of 
Relativity,” by Keivin Burns, Ph.D., Astronomer, Allegheny 
Observatory. (Introduced by Dr. H. D. Curtis.) Discussed 
by Professors St. John, Kennelly, and Burns. 

“ On the Light Deflections in the Sun's Gravitational Field,” by 
Robert J. Trumpler, Ph.D., Assistant Astronomer at Lick Ob- 
servatory. (Introduced by Dr. W. W. Campbell.) In Dr. 
Trumpler 's absence Dr. Campbell presented the paper, which 
was discussed by Professors Shapley and Eisenhart. 

“ Exploring the Solar Atmosphere,” by Charles E. St. John, 
Ph.D., Astronomer, i\It. Wilson Observatory. (Introduced 
by Dr. John A. Miller.) Discussed by Dr. Burns. 

“ The Present Periodic Table of the Atoms,” by Monroe B. 
Snyder, Director Emeritus of the Philadelphia Observatory. 

Special Meeting, May J. 1924. 

Wii.i.T.Mi B. Scott, Sc.D.. LL.D.. President, in the Chair. 

Pursuant to the call of the President a Special Meeting was held 
for the award of the John Scott IMedals and Premiums by the City 
of Philadelphia through its Board of City Trustees. 

Acceptances of Membershij) were read from 

Mr. Gano Dunn, of New York. 

Dr. Livingston Farrand, of Ithaca. N. Y. 

iMr. Frank Leverett, of Ann Arbor, Mich. 
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Dr. William S. Thayer, of Baltimore. 

The decease was announced of Ernest Fox Nichols, D.Sc., at 
Washington, D. C., on April 29, 1924, set. 55. 

The award of the John Scott Medals and Premiums was made to 
the following: 

Frederick G. Banting, M,D., Physiologist, of London, Ontario, 
who in 1920 and 1921 succeeded in preparing a potent extract 
of the experimentally atrophied pancreas ; a condition pro- 
duced by ligating the pancreatic duct. The injected extract 
increased materially the life of depancreatized dogs by en- 
abling them to retain larger amounts of sugar. In these re- 
searches there were associated with Dr. Banting, Doctors J. J. 
R. McLeod, Best, and Callip. 

William W. Coblentz, Ph.D., Physicist of the Lh S. Bureau of 
Standards, for his unsurpassed skill in the design and con- 
struction of thermopiles and radiometers of the highest sensi- 
tivit)- with which he has actually measured the radiation of 
the fainter stars. 

Elmer Verner McCollum, Ph.D.. Sc.D., Professor of Biochem- 
istry, School of Hygiene and Public Health, Johns Hopkins 
University, who demonstrated in 1913 a growth promoting 
vitamin in butter fat, the first of a long series of researches 
by him and his collaborators on the presence in various foods 
of other similar substances, promoting growth and maintaining 
health. 

Ralph Modjeski, D.Eng., of New York City, for his skill in 
bridge designing, having designed and built the Columbia and 
Williamette River bridges in Oregon, the McKinley Bridge at 
St. Louis, the Broadway Bridge at Portland, Oregon, the 
Cherry Street Bridge at Toledo. He is now Chief Engineer 
of the Delaware River Bridge. 

Stated Meeting, November 7 , 1934. 

WiLLi.\M B. Scott. Sc.D.. LL.D., President, in the Chair. 

Letters accepting membership were received from : 

Dr. Charles McLean Andrews, of New Haven. 



XIV 


MINUTES, 


President James Roland Angell. Xew Haven. 

Prof. Harry Bateman, of Pasadena. 

Dr. Albert F. Blakeslee. of Cold Spring Harbor, L. I. 

Hon. John \V. Davis. Esq., of New York. 

Prof. Charles A. Kofoid. of Berkeley. Calif. 

Prof. Armin O. Leuschner. of Berkeley. Calif. 

Prof. Charles E. HendenhaJh of Hadison, Wis. 

Dr. Graham Lusk, of Xew York. 

Dr. Charles R. Stockard. of Xew York. 

Dr. Clark Wissler. of Xew York. 

The decease was announced of the following members : 

Baron d’Estournelles de Constant, at Paris, France. May. 1924. 
Dr. Robert S. Woodward, at Washington. June 29. 1924. aet. 74. 
Dr. Robert G. LeConte. at Philadelphia. .August 6. 1924. aet. 59, 
Dr. George .Arthur Piersol. at Philadelphia. .August. 7. 1924. 
aet. 68. 

Prof. John' J. Stevenson, at Xew Canaan. Conn., .August 10, 
1924, aet. 82. 

Dr. Henry Kraemer. at Alt. Clements, Mich., September 9, 1924, 
aet. 56. 

Prof. W. R. -Vewbold of the L'niversity of Pennsylvania read a 
paper on “ The Eagle and the Basket on the Chalice of .Antioch ” 
which was illustrated bv lantern slides, and discussed by the President. 

Stated Meeting December 5, 19^4. 

No quorum present. 

Special Meeting, December 10. 1934. 

MAlli.^m B. Scott, Sc.D., LL.D., President in the Chair. 

Dr. William S. Thayer, a newly elected member subscribed the 
Laws and was admitted into the Society. 

Prof. .A. .S. Eddington, F.R.S., of Cambridge, introduced by Prof. 
J. A. Aliller, read a paper on " The Interior of Stars.” Discussed by 
the President, Professor Russell and Dr. Aliller. 
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